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RADIATION SOLID-STATE DETECTORS, AND RADIATION IMAGE 
RECORD-READING METHOD AND DEVICE USING THE SAME 



BACKGROUND OF THE INVENTION 
Field of the Invention 
The present invention relates to a radiation solid-state 
detector having a charge storing section which stores charges 
of a quantity corresponding to the dose of the projected 
radiation as latent image charges, and a method and device for 
using the detector to record radiation image information as a 
static latent image or read out the recorded static latent image. 
Description of the Prior Ar-t 
To reduce the dose of exposure of the subject and improve 
the performance of diagnosis in medical radiation photographing, 
etc., a method (for example, U.S. Patent No. 4535468, etc.) has 
been known up to now which uses, as a photosensitive material, 
a radiation solid-state detector (a static recorder) with a 
photoconductor, such as a selenium plate, responding to 
radiation, such as X-ray; projects the X-ray onto the detector, 
and stores the charges of the quantity corresponding to the dose 
of the projected radiation in the charge storing section in the 
detector for recording of radiation image information as a static 
latent image; and uses a laser beam or a line light source to 
scan the detector in which the radiation image information has 
been recorded, for reading out the radiation image information 
from the detector. 

The method according to the above-mentioned U.S. Patent No. 
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4535468 uses a three-layer structure detector which has an X-ray 
photoconductive layer, a charge storing layer (also called an 
intermediate layer or a trap layer) for storing of charges 
generated in the X-ray photoconductive layer, and a 
5 photoconductive layer for reading in this order, and in recording, 
applies a high voltage across the electrodes provided on both 
sides of the three layer structure, and projects X-ray to store 
latent image charges in the charge storing layer, and then 
short-circuits the electrodes to read out the latent image 
10 charges. With this method, the photoconductive layer for 
reading in the detector is thinner than the X-ray photoconductive 
layer in order to increase the reading speed for improving the 
response. 

However, with the method according to the above-mentioned 
15 U.S. Patent No. 4535468, the photoconductive layer for reading 
is thinner than the X-ray photoconductive layer, therefore, a 
problem results that the quantity of the signal charges detected 
from the outside is small. Further, the charge mobility is low 
for both electron and hole, and so, the charge storing layer 
20 cannot be thin. This is because increasing the charge mobility 
decreases the response speed, resulting in a residual image being 
produced. In other words, with this method, it is difficult. to 
make the high speed response in reading compatible with efficient 
taking out of signal charge. 
25 On the other hand, in Japanese Patent Application No. 10 

(1998) -232824 and Japanese Patent Application No. 10 
( 1998 ) -271374 , the present applicant has proposed a radiation 



solid-state detector which allows the high speed response in 
reading to be compatible with the efficient signal charge taking 
out, a recording device for recording of radiation image 
information in this detector, and a method and device for reading 
5 out the radiation image information from the detector in which 
the radiation image information has been recorded as a static 
latent image. 

This method as stated in Japanese Patent Application No. 
10 ( 1998 ) -232824 , etc. uses a radiation solid-state detector 

10 provided with a photoconductive layer for recording which 
exhibits conductivity when irradiated with the radiation for 
recording or the light emitted by excitation on this radiation, 
a charge transporting layer which acts almost as an insulator 
for the latent image charges, while acting roughly as a conductor 

15 for transported charges having a polarity opposite to that of 
the latent image charges , and a photoconductive layer for reading 
which exhibits conductivity when irradiated with the 
electromagnetic wave for reading in this order. Radiation for 
recording is projected onto the photoconductive layer for 

20 recording in the detector, and by storing the charges of the 
quantity corresponding to the dose of the projected radiation 
in the charge storing section formed roughly at the boundary 
between the photoconductive layer for recording and the charge 
transporting layer, radiation image information is recorded as 

25 a static latent image. By reading out the static latent image, 
the radiation image information is provided. 

The radiation solid-state detector according to the present 
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invention is a radiation solid-state detector which further 
improves the detector, etc. as stated in the above-mentioned 
Japanese Patent Application No. 10 ( 1998 ) -232824 , and Japanese 
Patent Application No. 10 {1998)-271374 / i.e., a radiation 
5 solid-state detector which has a charge storing section for 
storing charges in a quantity corresponding to the dose of 
radiation which has been projected, and records radiation image 
information as a static latent image in the charge storing 
section, 

10 wherein a first electrode layer having a permeability to 

radiation for recording or light emitted by excitation on the 
radiation, a photoconductive layer for recording which exhibits 
a conductivity when irradiated with the radiation for recording 
or the light, a photoconductive layer for reading which exhibits 

15 a conductivity when irradiated with an electromagnetic wave for 
reading, and a second electrode layer having a permeability to 
the electromagnetic wave for reading are provided in this order, 
and a first conductive member for outputting an electric 
signal corresponding to the quantity of the latent image charges 

20 stored in the charge storing section formed between the 
photoconductive layer for recording and the photoconductive 
layer for reading is provided in the second electrode layer or 
between the first electrode layer and the second electrode layer. 
The first conductive member may have any shape, but, it is 

25 preferable that the shape has no effect on the process of latent 
image forming (transferring and storing of the latent image 
charges) in recording, or the process of charge-recoupling of 



the latent image charges with charges opposite in polarity to 
the latent image charges, i.e., the transported charges. For 
example, when the first conductive member is provided in the 
photoconductive layer for recording or on the face of the 
5 photoconductive layer for recording which is for the 
photoconductive layer for reading, the shape is preferably that 
which will not hinder the latent image charges generated in the 
photoconductive layer for recording being transferred to the 
charge storing section. When the first conductive member is 
10 provided in the photoconductive layer for reading or in the 
later-described charge transporting layer or trap layer, the 
shape is preferably that which will not hinder the transported 
charges generated in the photoconductive layer for reading being 
transferred to the charge storing section. For this, it is 
15 recommended to take such a measure as providing holes having 
a desired shape, such as a circle and a square, in correspondence 
with the pixels, or providing an elongated rectangular hole 
extending along the direction of the pixel arrangement. 

When this first conductive member is disposed in the 
20 photoconductive layer for recording, it is preferably permeable 
to the radiation for recording or the light emitted by excitation 
at the time of radiation, so that the radiation or the like can 
sufficiently get into the photoconductive layer for recording, 
and thus the charge generation process in the photoconductive 
25 layer is not affected. 

To enhance the response in reading, the smaller the sum of 
the thickness of the layer forming the charge storing section 
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and that of the photoconductive layer for reading for a given 
thickness of the photoconductive layer for recording, the 
better. 

The electrode constituting the second electrode layer 
5 and/or the first conductive member of the radiation solid-state 
detector are preferably a stripe electrode comprising a number 
of linear electrodes. 

The term "linear electrode" means an electrode having a long 
and slender shape as a whole, and so long as it has a long and 
10 slender shape, it may of any shape, such as columnar or prismatic, 
but it is preferable that the linear electrode be particularly 
a flat plate electrode. To prevent the latent image forming 
process and the charge-recoupling process from being affected 
as stated above, such a measure as providing the linear electrode 
15 with holes having a desired shape, such as a circle and a square, 
in correspondence with the pixels, or with an elongated 
rectangular hole extending along the direction may be taken. 

Here, when the electrode constituting the second electrode 
layer and the first conductive member are a stripe electrode, 
20 it is preferable that the linear electrodes of the first 
conductive member be disposed so that they are opposed to or 
almost orthogonally intersect the linear electrodes of the 
electrode constituting the second electrode layer. 

The phrase "are disposed so that they are opposed to" means 
25 that each linear electrode of the first conductive member is 
located roughly just above the linear electrode of the electrode 
constituting the second electrode layer with a specified spacing , 



and disposed so that they are opposed to each other in the 
longitudinal direction. The phrase "are disposed so that they 
almost orthogonally intersect" means that the linear electrodes 
of the first conductive member almost orthogonally pass over 
5 the linear electrodes of the electrode constituting the second 
electrode layer. 

In this case, when the first conductive member is further 
disposed in the photoconductive layer for recording, the 
photoconductive layer for reading, or the charge transporting 

10 layer, it is recommended that the width of the linear electrode 
of the first conductive member be 5 to 3 0% of the pitch for the 
linear electrodes of the second photoconductive layer to prevent 
the latent image forming process in recording and the 
charge-recoupling process from being affected. 

15 when the first conductive member and the electrode 

constituting the second electrode layer are linear electrodes, 
the linear electrodes of the first conductive member being 
disposed in the second electrode layer, it is preferable that 
each linear electrode of the first conductive member be disposed 

20 between linear electrodes of the second electrode layer so that 
they are in parallel with one another, and be not permeable to 
the electromagnetic wave for reading to prevent the 
electromagnetic wave from getting into the photoconductive 
layer for reading and deteriorating the reading resolution. 

25 Further, with the radiation solid-state detector according 

to the present invention, it is preferable that a second 
conductive member for causing the latent image charges to have 



the same potential be discretely provided in the charge storing 
section for each pixel for an image represented by the electric 
signal. Particularly, it is recommended that the second 
conductive member be provided on the face (boundary) of the 
5 photoconductive layer for recording which is for the 
photoconductive layer for reading. 

Here, the phrase "be provided for each pixel" means that 
preferably one conductive member is provided for each pixel so 
that the charges around the pixel can be concentrated on the 

10 pixel central portion in reading by causing the latent image 
charges to have the same potential, and does not involve the 
style in which a number of conductive members are disposed at 
random for one pixel, so that when reading the charges around 
the pixel cannot be concentrated on the pixel central portion. 

15 The word "discretely" means that the respective conductive 

members are disposed in a state isolated from one another, i.e. , 
in the floating state in which they are not connected to one 
another. When a plurality of conductive members are provided 
for one pixel, it is preferable that the members for one pixel 

20 be electrically connected to one another. 

The size of this second conductive member is preferably set 
at a value approximately equal to the pixel pitch. Or, it may 
be set at a value smaller than the pixel pitch, say, less than 
half, and the second conductive member may be disposed in the 

25 pixel central portion to concentrate the latent image charges 
on the pixel central portion. The size of this second conductive 
member refers to the diameter for a circular conductive member, 



and the length of each side for a square conductive member. The 
shape of the conductive member may be any shape, such as a circle 
and a square. 

When a detector with which the electrode constituting the 
second electrode layer and the first conductive member are a 
stripe electrode, and the linear electrodes constituting both 
electrodes are disposed so that they orthogonally intersect each 
other is used, the electric field is concentrated on the location 
where both linear electrodes cross. It is therefore preferable 
that, by disposing the second conductive member in 
correspondence with the location where both linear electrodes 
cross, the charge concentration efficiency be increased. In 
recording, the second conductive members may be left open. 

The radiation solid-state detector according to the present 
invention may have a charge transporting layer, which acts 
roughly as an insulator for the latent image charges, and roughly 
as a conductor for charges opposite in polarity to the latent 
image charges between the photoconductive layer for recording 
and the photoconductive layer for reading, and the charge 
transporting layer may form the charge storing section. 
Alternatively, the radiation solid-state detector may have a 
trap layer for catching the latent image charges between the 
photoconductive layer for recording and the photoconductive 
layer for reading, the trap layer forming the charge storing 
section. 

When the radiation solid-state detector is to have a charge 
transporting layer or a trap layer, the first conductive member 



may be provided at the boundary between the photoconductive layer 
for reading and the trap layer or at the boundary between the 
photoconductive layer for reading and the charge transporting 
layer, or in the charge transporting layer or in the trap layer. 
5 Further, the second conductive member may be provided at the 
boundary between the photoconductive layer for reading and the 
charge transporting layer, or at the boundary between the 
photoconductive layer for reading and the trap layer. 

The radiation image recording method according to the 
10 present invention is a radiation image recording method which 
projects radiation onto the above-stated radiation solid-state 
detector to store the charges of the quantity corresponding to 
the dose of the projected radiation in the charge storing section 
of the radiation solid-state detector as latent image charges 
15 for recording of radiation image information as a static latent 
image in the charge storing section, 

wherein a control voltage to adjust the electric field formed 
between both electrode layers by a DC voltage applied across 
the first electrode layer and the second electrode layer in the 
20 radiation solid-state detector is applied to the first 
conductive member. 

The phrase "projects radiation onto the radiation 
solid-state detector" means that the radiation for recording 
which carries radiation image information about the subject is 
25 directly or indirectly projected onto the detector, and is not 
limited to the radiation for recording being directly projected 
onto the detector, meaning that, by projecting the radiation 



onto a scintillator (a fluorescent body) , for example, the light, 
such as fluorescence, emitted by excitation on the radiation 
for recording is projected onto the detector. 

The term "control voltage" means a voltage of a magnitude 
with which the first conductive member can have a specified 
effect on the latent image charge storing process in recording, 
and it can be set at a voltage of a magnitude which provides 
roughly the same electric field as that which would be formed 
if the first conductive member were not provided. 

Further, by positively bringing the control voltage close 
to or away from the potential at the second conductive layer, 
the region in which latent image charges are formed can be 
provided with a change. As a result, the signal taking-out 
efficiency and the reading response speed can be improved. 

The control voltage may be either a DC voltage or an AC one. 
The AC voltage is not limited to the sinusoidal wave, and may 
be of any waveform, provided that it can improve the signal 
taking-out efficiency and the reading response speed. 

The radiation image reading method is a radiation image 
reading method which, from the above-stated radiation 
solid-state detector in which radiation image information has 
been recorded as a static latent image, reads out the radiation 
image information, wherein the charges corresponding to the 
latent image charges stored in the charge storing section of 
the radiation solid-state detector are read out through the first 
conductive member to provide an electric signal at a level 
corresponding to the quantity of the latent image charges. 
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The phrase "the charges are read out through the first 
conductive member" means that the charges are read out at least 
through the first conductive member, and in addition to the 
current flowing between this first conductive member and the 
electrode of the second electrode layer, the current flowing 
between the electrode of the first electrode layer and the 
electrode of the second electrode layer may also be detected. 

The electromagnetic wave for reading may be a continuous 
wave generated continually or a pulse wave generated in the form 
of a pulse, but, the pulse wave permits a higher current to be 
detected, allowing a pixel having a small quantity of latent 
image charges to be detected as a sufficiently high current, 
which means, it can substantially improve the S/N ratio, which 
is advantageous . 

However, when the pulse wave is used with a detector with 
which the electrode constituting the second electrode layer and 
the first conductive member are a stripe electrode, and the 
linear electrodes constituting both electrodes are disposed so 
that they orthogonally intersect each other, the electric field 
is concentrated at the location where both linear electrodes 
cross, and the latent image charges are also concentrated at 
this location. It is therefor preferable that the 
electromagnetic wave for reading be projected onto the location 
in the photoconductive layer for reading which corresponds to 
this crossing location. When a detector with which a second 
conductive member is provided is used, the latent image charges 
are stored, being concentrated on the second conductive member, 
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and it is therefore preferable that the electromagnetic wave 
for reading be projected at least onto the location in the 
photoconductive layer for reading which corresponds to the 
location where this second conductive member is provided. In 
5 this reading, the second conductive member may be left open. 

The radiation image recording device according to the 
present invention is a radiation image recording device which 
realizes the above-stated radiation image recording method, 
comprising: 

10 voltage application means which applies a DC voltage across 

the first electrode layer and the second electrode layer in the 
radiation solid-state detector, and 

control voltage application means for applying, to the first 
conductive member, a control voltage to adjust the electric field 

15 formed between both electrode layers by a DC voltage applied 
by the voltage application means . 

The radiation image recording device according to the 
present invention is a radiation image recording device which 
realizes the above-stated radiation image recording method, 

20 comprising image signal acquisition means which, by reading out 
the charges corresponding to the latent image charges stored 
in the charge storing section of the radiation solid-state 
detector through the first conductive member, provides an 
electric signal at a level corresponding to the quantity of the 

25 latent image charges. 

When a detector with which the electrode of the second 
electrode layer and the electrode of the first conductive member 



are a stripe electrode, and the linear electrodes of the first 
conductive member are disposed so that they almost orthogonally 
intersect the linear electrodes of the second electrode layer 
is used, it is preferable that, by carrying out switchover so 
5 that only the linear electrode corresponding to the scanning 
position in scanning with the reading light is connected to the 
first electrode layer and the linear electrodes of the second 
electrode layer, the distributed capacitance which does not 
contribute to the signal reading be reduced. 

10 The basic detector to which the present invention is to be 

applied may be any detector, provided that it is a detector with 
which electrodes are stacked so that they sandwich the 
photoconductive layer for recording and the photoconductive 
layer for reading, and it is preferable that the present 

15 invention be applied, particularly, to a detector (a static 
recorder) which has been proposed by the present applicant in 
the above-mentioned Japanese Patent Application No. 10 
(1998)-232824, and Japanese Patent Application No. 10 
(1998)-271374. 

20 With the radiation solid-state detector according to the 

present invention, the first conductive member for outputting 
an electric signal at a level corresponding to the quantity of 
the latent image charges is provided between the second electrode 
layer and the first electrode layer, and therefore another 

25 capacitor can be formed between the charge storing section which 
is formed between the photoconductive layer for recording and 
the photoconductive layer for reading, and the first conductive 



member. The transported charges having a polarity opposite to 
that of the latent image charges stored in the charge storing 
section by recording can also be provided for the first 
conductive member by charge-recoupling in reading. The quantity 
5 of the transported charges distributed to the capacitor formed 
between the electrode of the second electrode layer and the 
charge storing section, through the photoconductive layer for 
reading, can be reduced to below that when this first conductive 
member is not provided. The quantity of the signal charges which 

10 can be taken out from the detector to the outside can be increased 
to improve the reading efficiency. 

With the radiation image information reading method and 
device according to the present invention, the signal charges 
representing radiation image information are read out from the 

15 detector according to the present invention in which the 
radiation image information has been recorded, through the first 
conductive member, for providing an image signal at a level 
corresponding to the quantity of the latent image charges stored 
in the charge storing section. Therefore, more charges can be 

2 0 read out from the detector, which allows the reading efficiency 
to be increased, a larger signal to be obtained, and the S/N 
ratio for an image to be improved. 

Providing the first conductive member will have practically 
no great effect on the thickness of the photoconductive layer 

25 for recording or the photoconductive layer for reading, which 
means that the response in reading will not be adversely affected, 
and as stated in Japanese Patent Application No. 10 (1998)- 



232824 and Japanese Patent Application No. 10 ( 1998 ) -271374 , 
for example, by decreasing the sum of the thickness of the charge 
transporting layer and that of the photoconductive layer for 
reading to below the thickness of the photoconductive layer for 
5 recording, the response in reading can be enhanced. In other 
words, according to the present invention, the high speed 
response in reading can be maintained, while the reading 
efficiency can be increased to a level still higher than that 
obtained when a conventional detector is used. 

10 Further, with the radiation image information reading 

method and device according to the present invention, a control 
voltage to adjust the electric field formed between the first 
electrode layer and the second electrode layer is applied to 
the first conductive member, which allows the signal taking-out 

15 efficiency and the reading response speed to be improved. 

If the detector is that with which the second conductive 
member for causing the latent image charges to have the same 
potential is provided discretely in the charge storing section 
for each pixel for an image represented by the electrical signal, 

2 0 all the latent image charges for each pixel stored on the second 
conductive member can be caused to have the same potential, which 
allows the reading efficiency to be increased to a level higher 
than that obtained when the second conductive member is not 
provided. This is because the latent image charges are held at 

25 the same potential in the range of the second conductive member, 
therefore, the latent image charges around the pixel, which are 
generally difficult to read out, can be moved to the central 
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portion of the second conductive member, i.e. , the pixel central 
portion, as the reading progresses, so long as they are in the 
range of the second conductive member, which means that the 
latent image charges can be sufficiently discharged. 

In addition, the pixel can be formed at the fixed location 
where the second conductive member is disposed, which allows 
the structure noise to be compensated for. 

Further, if the size of the second conductive member is set 
at a value smaller than the pixel pitch, and disposed in the 
central portion of the pixel, the shape of the electric field 
formed in reading can be such that the electric field is attracted 
toward the second conductive member, therefore, the latent image 
charges can be stored, being concentrated on the pixel central 
portion, which means the sharpeness of the image can be improved. 

If the second conductive member is provided, the latent image 
charges can be stored with no charge transporting layer or trap 
layer, which means, device formation can be performed more 
easily. 

When the detector having a charge transporting layer or trap 
layer is provided with the second conductive member, the charge 
storing effect of such a layer can also be utilized. In other 
words, if the size of the second conductive member is set at 
a value smaller than the pixel pitch, and such a layer is not 
provided, a problem arises that the charges which have not been 
caught by the second conductive member cannot be stored as latent 
images, resulting in the quantity of the stored charges being 
decreased, although they contribute to the improvement in 



sharpness. Contrarily, when such a layer is provided, the 
charges are caused to be stored as latent image charges, so that 
the sharpeness can be improved without the quantity of the stored 
charges being reduced. 
5 SUMMARY OF THE INVENTION 

As with a detector, and a recording device and reading device 
as proposed in the above-mentioned Japanese Patent Application 
No. 10 (1998)-232824, etc. by the present applicant, the present 
invention is intended to provide compatibility between the high 

10 speed response in reading and the efficient signal charge taking 
out, and to offer a radiation solid-state detector which makes 
it possible to provide still higher performance than that of 
the device as stated in Japanese Patent Application No. 10 
( 1998 ) -232824 , a method and device for recording of radiation 

15 image information in this detector, and a method and device for 
reading out the radiation image information from the detector 
in which the radiation image information has been recorded. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1A is a perspective side view of a radiation solid-state 

20 detector according to a first embodiment of the present 
invention; FIG. IB is an X-Z sectional drawing at the portion 
shown by arrow-Q; and FIG. 1C is an X-Y sectional drawing at 
the portion shown by arrow-P, 

FIG. 2A to FIG. 2D are schematic drawings giving examples 

25 of shapes of the element of a sub-electrode and illustrating 
the arrangement relationship among the element of the sub- 
electrode, the microplates, and the element of the stripe 



electrode, 

FIG. 3A and FIG. 3B are schematic configuration diagrams 
for a record-reading device using the above-stated radiation 
solid state detector, 
5 FIG. 4A to FIG. 4C are drawings illustrating the method for 

recording a static latent image in the above-stated radiation 
solid-state detector, 

FIG. 5A to FIG. 5C are drawings illustrating the method for 
reading out a static latent image recorded in the above-stated 
10 radiation solid-state detector, 

FIG. 6 is an equivalent circuit diagram in which the 
discharge current flowing in the detector in reading is expressed 
as a current source. 

FIG. 7A to FIG. 7D are drawings illustrating the effect of 
15 the microplate; FIG. 7A and FIG. IB being for a case where no 
microplate is provided, and FIG. 7C and FIG. 7D being for a case 
where a microplate is provided, 

FIG. 8A to FIG. 8G are diagrams illustrating the static 
latent image record-reading method using the above-stated 
20 radiation solid-state detector by means of a capacitor model, 

FIG. 9A and FIG. 9B are diagrams illustrating the quantity 
of the charges for a signal outputted from the radiation 
solid-state detector by means of a capacitor model; FIG. 9A being 
for a case where no sub-electrode is provided, and FIG. 9B being 
25 for a case where a sub-electrode is provided, 

FIG. 10A is a perspective side view of a radiation 
solid-state detector according to a second embodiment of the 



present invention; FIG. 10B is an X-Z sectional drawing at the 
portion shown by arrow-Q; and FIG. IOC is an X-Y sectional drawing 
at the portion shown by arrow-P, 

FIG. 11A is a perspective side view of a radiation 
5 solid-state detector according to a third embodiment of the 
present invention; FIG. 11B is an X-Z sectional drawing at the 
portion shownd by arrow-Q; and FIG. 11C is an X-Y sectional 
drawing at the portion shown by arrow-P, 

FIG. 12A is a perspective side view of a radiation 
10 solid-state detector according to a fourth embodiment of the 
present invention; FIG. 12B is an X-Z sectional drawing at the 
portion shown by arrow-Q; and FIG. 12C is an X-Y sectional drawing 
at the portion shown by arrow-P, 

FIG. 13A is a perspective side view of a radiation 
15 solid-state detector according to a fifth embodiment of the 
present invention; FIG. 13B is an X-Z sectional drawing at the 
portion shown by arrow-Q; and FIG. 13C is an X-Y sectional drawing 
at the portion shown by arrow-P, 

FIG. 14A is a perspective side view of a radiation 
2 0 solid-state detector according to a sixth embodiment of the 
present invention; FIG. 14B is an X-Z sectional drawing at the 
portion shown by arrow-Q; and FIG. 14C is an X-Y sectional drawing 
at the portion shown by arrow-P, 

FIG. 15A to FIG. 15C are drawings illustrating the method 
25 for recording a static latent image in the radiation solid- 
state detector of the sixth embodiment, 

FIG. 16A to FIG. 16C are drawings illustrating the method 



for reading out a static latent image recorded in the radiation 
solid-state detector of the sixth embodiment, 

FIG. 17A is a perspective side view of a radiation 
solid-state detector according to a seventh embodiment of the 
5 present invention; FIG. 17B is an X-Z sectional drawing at the 
portion shown by arrow-Q; and FIG. 17C is an X-Y sectional drawing 
at the portion shown by arrow-P, 

FIG. 18A is a perspective side view of a radiation 
solid-state detector according to an eighth embodiment of the 
10 present invention; FIG. 18B is an X-Z sectional drawing at the 
portion shown by arrow-Q; and FIG. 18C is an X-Y sectional drawing 
at the portion shown by arrow-P, 

FIG. 19A is an electric charge model illustrating the static 
latent image recording process, and FIG. 19B is an electric 
15 charge model illustrating the static latent image reading 
process, in the case where the radiation solid-state detector 
of the eighth embodiment is used, 

FIG. 2 OA is a perspective side view of a radiation 
solid-state detector according to a ninth embodiment of the 
2 0 present invention; FIG. 2 OB is an X-Z sectional drawing at the 
portion shown by arrow-Q; and FIG. 20C is an X-Y sectional drawing 
at the portion shown by arrow-P, 

FIG. 21A is a perspective side view of a radiation 
solid-state detector according to a tenth embodiment of the 
25 present invention; FIG. 2 IB is an X-Z sectional drawing at the 
portion shown by arrow-Q; and FIG. 21C is an X-Y sectional drawing 
at the portion shown by arrow-P, 



FIG. 22A is a perspective side view of a radiation 
solid-state detector according to an eleventh embodiment of the 
present invention; FIG. 22B is an X-Z sectional drawing at the 
portion shown by arrow-Q; and FIG. 22C is an X-Y sectional drawing 
5 at the portion shown by arrow-P, 

FIG. 23A is a perspective side view of a radiation 
solid-state detector according to a twelfth embodiment of the 
present invention; FIG. 23B is an X-Z sectional drawing at the 
portion shown by arrow-Q; and FIG. 2 3C is an X-Y sectional drawing 
10 at the portion shown by arrow-P, 

FIG. 24A is a perspective side view of a radiation 
solid-state detector according to a thirteenth embodiment of 
the present invention; FIG. 24B is an X-Z sectional drawing at 
the portion shown by arrow-Q; and FIG. 24C is an X-Y sectional 
15 drawing at the portion shown by the arrow-P, 

FIG. 25A is an electric charge model illustrating the static 
latent image recording process, and FIG. 25B is an electric 
charge model illustrating the static latent image reading 
process, in the case where the radiation solid-state detector 
20 of the thirteenth embodiment is used, 

FIG. 26A is a perspective side view of a radiation 
solid-state detector according to a fourteenth embodiment of 
the present invention; FIG. 26B is an X-Z sectional drawing at 
the portion shown by arrow-Q; and FIG. 26C is an X-Y sectional 
25 drawing at the portion shown by arrow-P, 

FIG. 2 7A is an electric charge model illustrating the static 
latent image recording process, and FIG. 27B is an electric 



charge model illustrating the static latent image reading 
process, in the case where the radiation solid-state detector 
of the fourteenth embodiment is used. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Hereinbelow, embodiments of the present invention will be 

described with reference to the drawings. 

FIG. 1A, FIG. IB, and FIG. 1C are drawings showing the 
schematic configuration of the radiation solid-state detector 
according to a first embodiment of the present invention, FIG. 

10 1A being a perspective side view of a radiation solid-state 
detector, FIG. IB being an X-Z sectional drawing at the portion 
shown by arrow-Q; and FIG. 1C being an X-Y sectional drawing 
at the portion shown by arrow-P. With this detector 10, the 
static recording device as shown in FIG. 12, which is stated 

15 in the above-mentioned Japanese Patent Application No. 10 
(1998) -232824, is further provided with a sub-electrode as a 
first conductive member and microplates as a second conductive 
member, and has a first electrode layer 11 having a permeability 
to the radiation for recording, Ll (such as X-ray, hereafter 

20 called the recording light), a photoconductive layer for 
recording, 12, which exhibits a conductivity when irradiated 
with the recording light Ll which has penetrated through this 
electrode layer 11, a charge transporting layer 13 which acts 
almost as an insulator for the latent image charges , ( for example, 

25 a negative charge), while acting roughly as a conductor for 
transported charges having a polarity opposite to that of the 
latent image charges, (on the above example, a positive charge) , 



a photoconductive layer for reading, 14, which exhibits a 
conductivity when irradiated with the electromagnetic wave for 
reading (hereafter called the reading light), L2, and a second 
electrode layer 15 having a permeability to the reading light 
5 L2 stacked together in this order. 

As the substance for the photoconductive layer for recording, 
12, a photoconductive substance which has, as its main 
constituant, at least one of the substances, such as amorphous 
selenium (a-Se) , lead oxide (II) and lead iodide (II), such as 

10 PbO and Pbl 2 , Bi 12 (Ge, Si)O 20 , and Bi 2 I 3 /organic polymer nano- 
composite, is suitable. 

As the substance for the charge transporting layer 13, 
organic compounds, such as poly-n-vinyl carbazole (PVK), 
N / N-diphenyl-N,N-bis (3-methyl phenyl)-[ 1 , 1 ' -biphenyl] - 

15 4,4'-diamine (TPD), and dyscotic liquid crystal, a dispersed 
system of TPD in polymer (polycarbonate, polystyrene, or PUK) , 
and semiconductor substances, such as a-Se doped with CI at 10 
to- 200 ppm, are suitable, because the greater the difference 
between the mobility of the negative charge, for example, stored 

20 in the electrode layer 11 , and that of the positive charge, which 
is opposite in polarity to it, (for example, 10 2 or over, 
preferably 10 3 or over), the better. Particularly, organic 
compounds (such as PVK, TPD, and a dyscotic liquid crystal) are 
preferable because they have immunity to light, and because the 

25 dielectric constant is generally small, the capacitance of the 
charge transporting layer 13 and that of the photoconductive 
layer for reading, 14, are decreased, resulting in an increased 



efficiency of signal taking out when reading. "Having immunity 
to light" means that they exhibit practically no conductivity 
when irradiated with the recording light Ll or the reading light 
L2. 

5 As the substance for the photoconductive layer for reading, 

14, a photoconductive substance which has, as its main 
constituent, at least one of the substances, such as a-Se, Se-Te, 
Se-As-Te, metal-free phthalocyanine, MgPc (Magnesium 
Phthalocyanine) , VoPc (phase II of Vanadyl Phthalocyanine), 

10 CuPc (Cupper Phthalocyanine), is suitable. 

The thickness of the photoconductive layer for recording, 
12, is preferably 50 jum to 1000 /zm so that it can sufficiently 
absorb the recording light Ll, and in this example, approx. 500 
ju.m is specified. The sum of the thickness of the charge 

15 transporting layer 13 and that of the photoconductive layer for 
reading, 14, is preferably half or less of the thickness of the 
photoconductive layer for recording, 12, and because the smaller 
the sum, the better the response in reading, it is preferably, 
for example, 1/10 or less, and further, 1/20 or less. 

2 0 As the electrode layers 11 and 15, a nesa film, for example, 

which is a conductive substance applied to a transparent glass 
plate, is suitable. 

The electrode of the second electrode layer 15 is formed 
as a stripe electrode 16 with which a number of elements (linear 

25 electrodes) 16a are arranged in the form of stripes. In an area 
15a between elements 16a, a high-polymer material, such as 
polyethylene in which some quantity of carbon black or other 



pigment is dispersed is filled, and the area 15a has a shading 
property with respect to the reading light L2 . 

At the boundary between the photoconductive layer for 
recording, 12, and the charge transporting layer 13, i.e., in 
5 the charge storing section 19, a number of discrete square 
microplates 18 are disposed just above the elements 16a of the 
stripe electrode 16, each being spaced apart from the adjacent 
microplates 18. The length of the side of each microplate 18 
is specified to be a dimension approximately equal to the 

10 arrangement pitch for the elements 16a, i.e. , the smallest pixel 
pitch which can be resolved. The locations where the 
microplates 18 are disposed provide the locations of the pixels 
on the detector. 

The microplates 18 can be produced from an extremely thin 

15 film of a single metal, such as gold, silver, aluminum, copper, 
chromium, titanium, and platinum, or an alloy, such as indium 
oxide, which is deposited on the dielectric layer by using vacuum 
vapor deposition or chemical deposition, for example. The 
microplates 18 can be deposited as a continuous layer, and the 

20 continuous layer is then etched to form a plurality of individual 
discrete microplates having a size approximately equal to the 
smallest pixel pitch which can be resolved. Such discrete 
microplates can be produced by using laser ablation, 
photoetching, or other light microf abrication technology. 

25 In the location close to the charge transporting layer 13 

in the photoconductive layer for recording, 12, a sub-electrode 
17 with which a number of elements 17a are arranged in the form 



of stripes is provided. This sub-electrode 17 is a conductive 
member for outputting an electric signal at a level corresponding 
to the quantity of the latent image charges stored in the charge 
storing section 19 formed roughly at the boundary between the 
photoconductive layer for recording, 12, and the charge 
transporting layer 13. Each element 17a of the sub-electrode 
17 is located just above the element 16a of the stripe electrode 
16, both being disposed so that they are opposed to each other. 
The sub-electrode 17 is required only to be conductive, and can 
be produced from a single metal, such as gold, silver, chromium, 
and platinum, or an alloy, such as indium oxide. 

The distance "d" between the sub-electrode 17 and the charge 
transporting layer 13 varies depending upon the thickness of 
the photoconductive layer for recording, 12, and when the 
thickness of the photoconductive layer for recording, 12 is 
approx. 500 juim as specified in this example, the distance "d" 
is specified to be 1 pm to 100/zm (1/500 to 1/5 of the thickness) . 

FIG. 2A to FIG. 2D are schematic drawings giving examples 
of shapes of each element 17a of the sub-electrode 17 and 
illustrating the arrangement relationship among the element 17a, 
the microplate 18, and the element 16a. 

The element 17a as shown in FIG. 2A is a long and slender 
flat plate electrode, having no holes provided. The width of 
the element 17a is smaller than that of the element 16a, being 
specified to be within the range of 5 to 30% of the pitch for 
the elements 16a. This allows the latent image charges 
generated in the photoconductive layer for recording to be easily 



passed by the side of the element 17a when they are transferred 
to the charge storing section. 

The element 17a as shown in FIG. 2B is a long and slender 
flat plate electrode, having a number of round holes provided 
5 so that they are disposed at locations corresponding to the 
pixels for the longitudinal direction. The width of the element 
17a is approximately equal to that of the element 16a. The 
latent image charges generated in the photoconductive layer for 
recording can reach the microplates 18 provided in the charge 

10 storing section 19 through the round holes. 

The element 17a as shown in FIG. 2C is a long and slender 
flat plate electrode, having a number of square holes provided 
so that they are disposed at locations corresponding to the 
pixels for the longitudinal direction. The width of the element 

15 17a is approximately equal to that of the element 16a. The 
latent image charges generated in the photoconductive layer for 
recording can reach the microplates 18 provided in the charge 
storing section 19 through the square holes. 

The element 17a as shown in FIG. 2D is a long and slender 

20 flat plate electrode, having one elongated rectangular hole, 
the opposite ends thereof being connected to each other. The 
width of the element 17a is approximately equal to that of the 
element 16a. The latent image charges generated in the 
photoconductive layer for recording can reach the microplates 

25 18 provided in the charge storing section 19 through the 
elongated rectangular hole. 

By thus making the element 17a narrower than the element 



16a, or providing a hole(s) having a specified shape for the 
element 17a along its longitudinal direction, the possibility 
of the element 17a hindering the transfer of the latent image 
charges and having an adverse effect on the latent image forming 
5 process can be eliminated. 

FIG. 3A and FIG. 3B are schematic configuration diagrams 
for a record-reading device 1 using the radiation solid state 
detector 10 in which a radiation image information recording 
device is integrated with a radiation image information reading 
10 device, FIG. 3A being a diagram shown with a perspective side 
view of the detector 10, and FIG. 3B being a diagram of a current 
detection circuit 7 0 shown in detail with an X-Z sectional view 
of the detector 10. 

This record-reading device 1 comprises the detector 10, the 
15 current detection circuit 70 as image signal acquisition means, 
recording light projecting means 90, and reading light 
projecting means 93. 

Above the electrode layer 11, a subject 9 is disposed, and 
the subject 9 has a portion 9a which has permeability to the 
20 recording light Ll and a shutting-of f (shading) portion 9b which 
has no permeability to the recording light Ll. The recording 
light projecting means 90 uniformly projects the recording light 
Ll on the subject 9. 

The reading light pro jecting means 93 linearly projects the 
25 almost uniform reading light L2 onto the elements 16a of the 
stripe electrode 16 roughly at right angles to them, scanning 
the elements 16a along the longitudinal direction (in the 



direction of arrow in FIG. 3A) . This scanning by means of the 
reading light L2 corresponds to the vertical scanning. In this 
scanning, continuous light may be projected or pulsed light may 
be projected. 

5 The current detection circuit 70 reads out the charges 

corresponding to the latent image charges stored in the charge 
storing section 19 through the sub-electrode 17 to provide an 
image signal at a level corresponding to the quantity of the 
latent image charges , having a number of current detection 

10 amplifiers 71 connected to the elements 16a of the stripe 
electrode 16. The current detection amplifiers 71 detect the 
charges of the quantity corresponding to that of the latent image 
charges as a current through each element 17a, each comprising 
an operational amplifier 71a, an integrating capacitor 71b, and 

15 a switch 71c. The electrode layer 11 in the detector 10 is 
connected to the respective one inputs 74a and 7 5a of the switches 
74 and 75, and to the negative electrode of the power supply 
72. The positive electrode of the power supply 72 is connected 
to the negative electrode of the power supply 73 and the other 

20 input 75b of the switch 75. The positive electrode of the power 
supply 73 is connected to the other input 74b of the switch 74. 
The non-inverting input terminal (+) of each operational 
amplifier 71a is commonly connected to the output of the switch 
74, and the inverting input terminal (-) is individually 

25 connected to the element 16a. The output of the switch 75 is 
commonly connected to each element 17a. 

In recording, the switches 74 and 75 are both connected to 
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the respective "b" terminals, and voltage is applied through 
the imaginary short circuit in the operational amplifiers across 
the electrode layer 11 and the stripe electrode 16, the specified 
supply by the power supplies 72 and 73 . The power supply 73 also 
5 functions as control voltage applying means, and in recording, 
a DC voltage as a control voltage is applied to the sub-electrode 
17 from this power supply 73. This supply voltage is set at such 
a voltage that causes the electric field formed across the 
electrode layer 11 and the stripe electrode 16, particularly, 

10 the potential gradient in the photoconductive layer for 
recording, 12, to be roughly the same as that which would be 
formed when no sub-electrode 17 is provided, so that the latent 
image charges can be stably stored in the charge storing section 
19. The sub-electrode 17 may be left open without any control 

15 voltage being applied to it in recording. Further, by bringing 
the voltage at the sub-electrode 17 close to or away from the 
potential at the second conductive layer, i.e., the stripe 
electrode 16, the control voltage may be positively set so that 
a desired electric field is formed. 

20 On the other hand, in reading, the switches 74 and 75 are 

both connected to the respective "a" terminals, and the linear 
reading light is projected onto the stripe electrode 16, the 
respective current detection amplifiers 71 concurrently 
detecting the current flowing through the respective elements 

25 16a for the respective elements 16a connected to them; The 
configurations of the current detection circuit 70 and the 
current detection amplifier 71 are not limited to those in this 



example, and a variety of configurations may be used (for example, 
refer to Japanese Patent Application No. 10 ( 1998 ) -232824 and 
Japanese Patent Application No. 10 ( 1998 ) -271374 ) . 

In this example, the circuitry is configured so that a DC 
5 voltage is applied to the sub-electrode 17 from this power supply 

73 in recording, but, a special power supply for the sub- 
electrode 17 may be provided independently of the power supply 
for applying the DC voltage across the electrode layer 11 and 
the stripe electrode 16 so that the control voltage having a 

10 desired waveform is applied to adjust the electric field in 
recording to a more preferable one. 

Hereinbelow, the method for recording image information as 
a static latent image in the detector 10 and reading out the 
recorded static latent image with the record-reading device 1 

15 configured as above will be described. First, the process of 
recording a static latent image will be described with reference 
to the electric charge model as shown in FIG. 4A to FIG. 4C. 
The negative charges (-) and the positive charges ( + ) generated 
in the photoconductive layer 12 by the recording light Ll are 

20 expressed by circling the signs "-" and "+" on the drawing. The 
elements 17a of the sub-electrode 17 are not expressed. 

When, with the record-reading device 1 configured as above, 
a static latent image is recorded in the detector 10, the switches 

74 and 75 are both turned to the respective "b" terminals to 
25 apply the DC voltage across the electrode layer 11 and the stripe 

electrode 16 in order to electrify both. At this time, a control 
voltage to allow the latent image charges to be stably stored 



in the charge storing section 19 is applied to the sub-electrode 
17 as stated above. In this way, a nearly U-shaped electric 
field is formed across the electrode layer 11 and the stripe 
electrode 16, and in most of the photoconductive layer for 
5 recording, 12, a roughly parallel electric field is provided, 
but at the boundary between the photoconductive layer for 
recording, 12, and the charge transporting layer 13, i.e., in 
the charge storing section 19, there are portions where there 
is no electric field. Thus, an electric field with which such 

10 a U-shaped electric field is continued along the longitudinal 
direction of the elements 16a is formed (FIG. 4A) . 

Next, the radiation is projected on the subject 9, and the 
recording light Ll carrying the radiation image information for 
the subject 9 which has penetrated through the permeating portion 

15 9a of the subject 9 is projected on the detector 10. Then, pairs 

of charges, positive and negative, are generated in the 
photoconductive layer for recording, 12, in the detector 10, 
and the negative charges of the pairs are transferred to the 
charge storing section 19 along the above-stated electric field 

20 (FIG. 4B). At this time, because the specified DC voltage is 
applied to the sub-electrode 17 from the power supply 75 so that 
the potential gradient in the photoconductive layer for 
recording, 12, is not disarranged, the negative charges are 
transferred to the charge storing section 19, being passed by 

25 the side of or through the hole in the elements 17a of the 
sub-electrode 17 without being caught by the sub-electrode 17. 
In other words, any charges generated in the photoconductive 
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layer for recording, 12, are transferred as if the sub-electrode 
were not provided. 

In the charge storing section 19, microplates 18 are provided, 
and the negative charges which have been transferred in the 
photoconductive layer for recording, 12, are caught and stopped 
by the microplates 18, being stored as latent image charges on 
the microplates 18 in this charge storing section 19 (FIG. 4C) . 

On the other hand, the positive charges generated in the 
photoconductive layer for recording, 12, are transferred at high 
speed to the electrode layer 11, and charge-recoupled with the 
negative charges injected from the power supplies 72 and 73 at 
the boundary between the electrode layer 11 and the 
photoconductive layer for recording, 12, thus being cancelled. 
The recording light Ll will not permeate the shading portion 
9b of the subject 9, and therefore no change will be caused in 
the area of the detector 10 under the shading portion 9b (FIG. 
4B and FIG. 4C) . 

Thus, by projecting the recording light Ll on the subject 
9, the charges corresponding to the subject image can be stored 
in the charge storing section 19, which is the boundary between 
the photoconductive layer for recording, 12, and the charge 
transporting layer 13. The quantity of the stored latent image 
charges (negative) is roughly in proportion to the dose of 
radiation which has been penetrated through the subject 9 and 
projected onto the detector 10. Therefore, these latent image 
charges carry the static latent image, and the static latent 
image is recorded in the detector 10. Because the latent image 
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charges are stored on the microplates 18, the locations where 
the latent image charges are to be stored can be established 
for both the horizontal scanning and the vertical scanning, and 
for both scanning directions, a pixel is formed in the respective 
5 established locations. 

Next, the process of reading out a static latent image will 
be described with reference to the electric charge model as shown 
in FIG. 5 A to FIG. 5C. As is the case with the recording process , 
the negative charges (-) and the positive charges ( + ) generated 
10 in the photoconductive layer for reading, 14, by the reading 
light L2 are expressed by circling the signs "-" and " + " on the 
drawing. 

In reading out the static latent image from the detector 
10, the switches 74 and 75 are both turned to the respective 

15 "a" terminals to connect the electrode layer 11 in the detector 
10 in which the static latent image has been recorded as described 
above, to the sub-electrode 17, and through the imaginary short 
circuit in the operational amplifier, also to the stripe 
electrode 16, to electrify these to the same potential in order 

2 0 to rearrange the charges (FIG. 5A) . Next, by moving the reading 
light projecting means 93 along the longitudinal direction of 
the elements 16a, i.e., carrying out the vertical scanning, the 
entire surface of the detector 10 is scanned with the linear 
reading light L2. This scanning with the reading light L2 

25 generates pairs of charges, positive and negative, in the 
locations in the photoconductive layer 14 which correspond to 
the vertical scanning positions and where the reading light L2 



is projected (FIG. 5B) . When the detrimental effect of the dark 
current component is to be relatively reduced by projecting the 
reading light L2 in a pulsating manner, it is preferable to 
synchronize the scanning so that the reading light L2 is 
5 projected where the microplates 18 are provided. 

Between the charge storing section 19 and the stripe 
electrode 16, an extremely strong electric field is formed by 
the stored charges (negative), depending upon the thickness. 
The charge transporting layer 13 acts as a conductor for positive 

10 charges, which means that, the positive charges generated in 
the photoconductive layer 14 are rapidly transferred in the 
charge transporting layer 13 , being attracted by the latent image 
charges in the charge storing section 19, and are charge- 
recoupled with the latent image charges in the charge storing 

15 section 19, so as to be cancelled (FIG. 5C). On the other hand, 
the negative charges generated in the photoconductive layer 14 
are cancelled by being charge-recoupled with the positive 
charges in the electrode layer 11, the stripe electrode 16, and 
the sub-electrode 17 (FIG. 5C). 

20 The photoconductive layer 14 is scanned with the reading 

light L2 having a sufficient luminous power, and the latent image 
charges stored in the charge storing section 19 of the detector 
10 are all cancelled by the charge-recoupling for complete 
discharge. The latent image charges stored in the charge 

25 storing section 19 of the detector 10 being cancelled means that 
a discharge current flows in the detector 10, resulting from 
the transfer of the charges, and can be regarded as a 
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short-circuit being caused across the stripe electrode 16 and 
the charge storing section 19. This condition can be expressed 
with an equivalent circuit as shown in FIG. 6, which uses a source 
of current, 79, which is in proportion to the discharge current 
5 flowing in the detector 10, depending upon the quantity of the 
stored charges. This current flowing in the detector 10 in 
reading corresponds to the latent image charges , i.e., the static 
latent image, so, by detecting this current by means of the 
current detection amplifiers 71, the static latent image can 

10 be read out, i.e., the image signal representing the static 
latent image can be acquired. 

Because an extremely strong electric field is formed between 
the charge storing section 19 and the stripe electrode 16, the 
latent image charges can be cancelled at an extremely high speed, 

15 which means that the response in reading out a static latent 
image is carried out at an extremely high speed. The smaller 
the sum of the thickness of the photoconductive layer for reading, 
14, and that of the charge transporting layer 13 for a given 
thickness of the photoconductive layer for recording, 12, the 

20 stronger the electric field formed in reading, and the more rapid 
the transfer of the charges, therefore, the higher the reading 
speed . 

Here, the charge storing section 19 is provided with the 
microplates 18, which means that, in the reading process (the 
25 charge-recoupling process and the discharging process), the 
latent image charges around the respective microplates 18 can 
be attracted toward the central portion of them, which allows 



the latent image charges to be discharged more sufficiently, 
resulting in the quantity of the unread charges being minimized. 
FIG. 7A to FIG. 7D are drawings illustrating the effect of the 
microplate 18 provided in the reading process, with FIG. 7A and 
5 FIG. 7B being for a case where no microplates 18 are provided, 
and FIG. 7C and FIG. 7D being for a case where microplates 18 
are provided. 

As shown in FIG. 7A to FIG. 7D, the reading light L2 is 
projected onto the photoconductive layer for reading, 14, 

10 through the element 16a to generate pairs of charges, positive 
and negative, in the photoconductive layer for reading, 14. In 
recoupling of the positive ones of the generated charges with 
latent image charges in the charge storing section 19, recoupling 
is sequentially performed, starting from the charge in the 

15 location opposed to and the nearest to the element 16a. In other 
words, at the beginning of reading, the negative charge in the 
pixel central portion is cancelled by charge-recoupling, and 
then the charges outside that portion are sequentially 
charge-recoupled (FIG. 7A) . When no microplate 18 is provided, 

20 the latent image charges in the charge storing section 19 are 
not caused to have the same potential, and are left in the 
respective stored locations. Therefore, as the reading 
progresses, charges in locations more distant from the element 
16a must be read, the difficulty in reading being increased, 

25 and in the final process, charges may be left unread (FIG. 7B) . 

On the other hand, when a microplate 18 is provided, the 
negative charge in the pixel central portion is cancelled by 
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charge-recoupling at the beginning of reading, and then the 
charges outside that portion are sequentially charge-recoupled 
(FIG. 7C) , but the charges stored on the microplate 18 are always 
held at the same potential. Consequently, as the reading 
5 progresses, the latent image charges are gradually moved to the 
central portion of the microplate 18, i.e., the pixel central 
portion, which means that, even in the final process, 
charge-recoupling with a latent image charge is performed in 
the pixel central portion, which provides the smallest distance 

10 between the microplate 18 and the second conductive layer 15, 
i.e., the stripe electrode 16, and as a result the highest 
discharge efficiency, and the discharge can be easily continued 
with no charges being left unread (FIG. 7D). 

The above-described static latent image recording process 

15 and static latent image reading process will be described in 
greater detail by using a capacitor model as shown in FIG. 8A 
to FIG. 8G. In these drawings FIG. 8A to FIG. 8G, the system 
is imaginarily divided into the sub-system for the permeating 
portion 9a and that for the shading portion 9b of the subject 

20 9 to express both processes as electrical equivalent circuit 
diagrams using a capacitor model. Between the electrode layer 
11 and the charge storing section 19 which sandwich the 
photoconductive layer for recording, 12, a capacitor C^ a is 
formed. Between the charge storing section 19 and the stripe 

25 electrode 16 (the elements 16a) which sandwich the charge 
transporting layer 13 and the photoconductive layer for reading, 
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14, a capacitor is formed. Between the sub-electrode 17 (the 
element 17a) and the charge storing section 19 which sandwich 
a part of the photoconductive layer for recording, 12, a 
capacitor is formed. 
5 Across the capacitor C^ a , an optical switch SW^ (not shown) 

corresponding to the photoconductive layer for recording, 12, 
which exhibits a conductivity with the recording light Ll is 
formed, and across the capacitor C^ b , an optical switch SW* b (not 
shown) corresponding to the photoconductive layer for reading, 
10 14, which exhibits a conductivity with the reading light L2 is 
formed . 

In the recording process, the DC voltage is first applied 
to the detector 10 from the power supplies 72 and 73, which 
results in the distribution capacitors C* a , C^ b , and being 
15 electrified (FIG. 8A) . 

With the sub-system for the permeating portion 9a, 
projection of the recording light Ll turns the optical switch 
SW^ on, and only the capacitor C* b is charged through the resistor 
corresponding to the quantity of light (FIG. 8B). This is 
2 0 the static latent image recording process, meaning that the 
static latent image has been recorded as the latent image charges 
in the capacitor C* b . The quantity of the latent image charges 
corresponds to the quantity of light of the recording light Ll. 
Next, after removing the power supplies 72 and 73, the 
25 electrode layer 11 side of the capacitor C* a is connected to the 
sub-electrode side 17 of the capacitor C #a/ and the sub-electrode 
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side 17 of the capacitor C* c is connected to the stripe electrode 
16 side of the capacitor C^. b for rearranging the charges (FIG. 
8C). The sum of the quantities of the positive charges 
distributed to the capacitors, which are opposite in polarity 
5 to the latent image charges, is equal to the quantity of the 
latent image charges, and the quantities of the positive charges 
distributed are proportional to the capacitance values of the 
respective capacitors. Thereafter, by projecting the reading 
light L2, the optical switch SW* b is turned on, and the charges 

10 stored in the capacitors C* a , C% hr and C s( . c are discharged through 
the resistor R% b corresponding to the quantity of light (FIG. 
8D). The equivalent circuit as shown in FIG. 6 is expressed as 
a circuit for detecting the discharge current resulting from 
the charges which are discharged to the outside of the detector 

15 10 at this time. 

On the other hand, with the sub-system for the shading 
portion 9b, the recording light LI will not turn the optical 
switch SW^ a , and give no change to any of the capacitors C% a , 
C^. b , and C* c (FIG. 8E). Therefore, connecting the capacitors C 

20 C^. b , and C# c to one another in recording causes all of the 

capacitors C^. a/ C^. b , and C^. 0 to be brought into the discharged 
state (FIG. 8F) . Consequently, when the reading light L2 is 
projected under such condition, no charges will be discharged 
from any of the capacitors C* a , C% b , and (FIG. 8G) . 

25 Next, the magnitude of the current flowing when the charges 

stored in the capacitors C* a , C% b , and are discharged will 
be discussed. First, to simplify the description, a capacitor 
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model as shown in FIG. 9A, which is not provided with the 
sub-electrode 17 and comprises only the capacitors C^ a and 
C* b is used. As stated above, the sum Q + of the quantities Q +a 
and Q +b of the positive charges distributed to the capacitors 
5 and C* b in the charge rearrangement is equal to the quantity 

Q_ of the latent image charges, and the quantities Q +a and Q +b 
of the positive charges distributed are proportional to the 
capacitance values C a and C b of the respective capacitors. The 
sum of the thickness of the photoconductive layer for reading, 

10 14, and that of the charge transporting layer 13, is smaller 
than the thickness of the photoconductive layer for recording, 
12 , which means , assuming that there is no significant difference 
in dielectric constant between layers, that the capacitance 
value C b of the capacitor is higher than the capacitance value 

15 C a of the capacitor C* a . Consequently, the quantity Q +b of the 
positive charges induced on the stripe electrode 16 side of the 
capacitor C* b is larger than the quantity Q +a of the positive 
charges induced on the electrode layer 11 side of the capacitor 
C^g. The above description can be represented by the following 

20 equations. 

Q_ = Q + = Q +a + Q +b 

Q +a = Q + X C a /(C a + C b ) 

Q +b = Q + X C b /(C a + c b ) 

The magnitudes of the currents flowing when the charges 
25 stored in the capacitors C* a and C* b are discharged are in 
proportion to the quantities Q +a and Q +b/ and therefore, the 
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current l b flowing out from the capacitor is higher than the 
current I a flowing out from the capacitor C^. 

Here, because the charge storing section 19 is not directly 
provided with an electrode for taking out a signal, the current 
5 I b flowing out from the capacitor C% b provides the internal 
current flowing in the detector 10 through the resistor R^ b 
created when the optical switch SW^ is turned on in reading, 
and cannot be detected between the charge storing section 19 
and the stripe electrode 17 , and the positive charges distributed 

10 to the capacitor C* b in the sub-system for the permeating portion 
9a cannot be taken out as signal charges to the outside of the 
detector 10. In other words, of the quantity Q + of the positive 
charges which have been charge-rearranged in correspondence 
with the latent image charges (negative) stored in the charge 

15 storing section 19 of the detector 10 , the quantity of the charges 
which can be taken out to the outside, i.e., the quantity Q of 
the signal charges representing the radiation image information 
is equal to the quantity Q +a of the positive charges distributed 
to the capacitor C.^, and the current I flowing out from the 

20 detector 10 to the outside is equal to the current I a flowing 
out from the capacitor C* a . 

In other words, the positive charges generated in the 
photoconductive layer for reading, 14, by the reading light L2 
are cancelled by being charge-recoupled with the latent image 

25 charges in the charge storing section 19, while, of the negative 
charges generated in the photoconductive layer for reading, 14, 
those for the quantity Q +b of the positive charges rearranged 
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on the elements 16a are cancelled by being charge-recoupled on 
the elements 16a, and the current at this time provides only 
the internal current in the detector 10. Also, the negative 
charges in a quantity equal to the remaining Q +a are induced on 
5 the elements 16a, and the current flowing in charge-recoupling 
of these negative charges with the positive charges in the 
electrode layer 11 is taken out as the current I flowing out 
from the detector 10 to the outside. 

As described above, the sum of the thickness of the 

10 photoconductive layer for reading, 14, and that of the charge 
transporting layer 13, is set at a value smaller than the 
thickness of the photoconductive layer for recording, 12, to 
improve the response speed in reading, and thus the capacitance 
value C b of the capacitor C* b is higher than the capacitance value 

15 C a of the capacitor C.^. This means that the quantity Q of the 
charges which can be taken out for a given quantity Q_ of the 
recorded latent image charges is decreased, and the signal 
current I (= I a ) is correspondingly reduced, resulting in the 
reading efficiency being lowered. 

20 On the other hand, with the radiation solid-state detector 

10 according to the present invention, the sub-electrode 17 is 
provided, which additionally forms a capacitor C^ c . Hereafter, 
the capacitor model as shown in FIG. 9B will be described. As 
stated above, the sum Q + of the quantities Q +a , Q +b , and Q +c of 

25 the positive charges distributed to the capacitors C* a , C %b , and 
C #c in the charge rearrangement is equal to the quantity Q_ of 
the latent image charges, and the quantities Q +a , Q +b , and Q +0 of 



the positive charges distributed are proportional to the 
capacitance values C a , C b , and C c of the respective capacitors. 
This description can be represented by the following equations. 

Q_ = Q + = Q +a + Q +b + Q +c 
5 Q +a = Q + X C a /(C a + C b + C c ) 

Q +b = Q + X C b /(C a + C b + C D ) 

Q +c = Q + X c c /(C a + C b + CJ 

Incidentally, consideration of the capacitance values of 
the capacitors C #a , C +b , and c #c points out that the sub-electrode 

10 17 is provided in the photoconductive layer for recording, 12, 
in the location separated by the distance "d" from the charge 
storing section 19, which is the boundary between the 
photoconductive layer for recording, 12, and the charge 
transporting layer 13 , and on the other hand, the electrode layer 

15 11 is provided at a location much farther than the distance "d" . 
This means that the capacitance value C c of the capacitor 
C* c , which is formed between the sub-electrode 17 and the charge 
storing section 19 through the photoconductive layer for 
recording, 12, is sufficiently higher than the capacitance value 

20 C a of the capacitor C* a , which is formed between the electrode 
layer 11 and the charge storing section 19 through the 
photoconductive layer for recording, 12. On the other hand, 
providing the sub-electrode 17 as stated above will have 
practically no great effect on the capacitance value C b of the 

25 capacitor C* b , which is formed between the stripe electrode 16 
and the charge storing section 19 through the photoconductive 
layer for reading, 14, and the charge transporting layer 13. 



As a result, the quantity Q +b of the positive charges distributed 
to the capacitor C^. b in the charge rearrangement can be reduced 
to below that when the sub-electrode 17 is not provided. In 
addition, by setting the distance "d" from the electrode layer 
5 11 at an appropriate value, the capacitance value C c of the 
capacitor C^. c can be increased to more than the capacitance value 
C h of the capacitor C% h to further reduce the quantity Q +b of the 
positive charges distributed to the capacitor C* h . 

As with the case where the sub-electrode 17 is not provided, 

10 the positive charges distributed to the capacitor C* h cannot be 
taken out as signal charges to the outside of the detector 10, 
and so, the quantity Q of the signal charges which can be taken 
out to the outside is equal to the sum of the quantities Q +a and 
Q +c of the positive charges, distributed to the capacitors 

15 C* a and C %c , i.e., (Q +a + Q +c ), and the current I flowing out from 
the detector 10 to the outside is equal to the sum (I a + I c ) of 
the current I a flowing out from the capacitor C* a and the current 
I c flowing out from the capacitor C* c . As stated above, because 
the quantity Q +b of the positive charges distributed to the 

20 capacitor C.,. b can be reduced to below that when the sub-electrode 
is not provided, the current I (= I a + I c ) flowing out from the 
detector 10 to the outside can be increased to greater than that 
when the sub-electrode is not provided. 

As a result of this, notwithstanding that the sum of the 

25 thickness of the charge transporting layer 13 and that of the 
photoconductive layer for reading, 14, is smaller than the 
thickness of the photoconductive layer for recording, 12, 



providing the sub-electrode 17 can increase the quantity Q of 
the signal charges or the signal current I which can be taken 
out from the detector 10 to the outside, i.e., the reading 
efficiency, resulting in the S/N ratio for the reproduced image 
5 being improved. 

Because the capacitance value C c of the capacitor C* c can 
be increased to a value sufficiently higher than the capacitance 
value C a of the capacitor C* a , the guantity Q +c of the positive 
charges distributed to the capacitor C* c can be increased to a 

10 guantity sufficiently larger than the guantity Q +a of the 
positive charges distributed to the capacitor C% a and the current 
I 0 flowing out from the capacitor can be increased to a current 
sufficiently higher than the current I a flowing out from the 
capacitor C #a . Consequently, if only the current I c flowing out 

15 from the capacitor is detected through the sub-electrode 17, 
it can be expected that a sufficiently large image signal is 
taken out. 

With the current detection circuit 70, the current I flowing 
out from the detector 10 is detected concurrently for the 

2 0 respective elements 16a. In other words, the integrating 
capacitor 71b for the current detection amplifier 71 connected 
to the respective elements 16a is charged by the current I, the 
charges corresponding to the quantity of the current flowing 
are stored in the integrating capacitor 71b, and the voltage 

25 across the integrating capacitor 71b is changed. This change 
in voltage is in proportion to the quantity Q_ of the latent image 
charges for each pixel which had been stored in the detector 



10. Therefore, by turning the switch 71c on between pixels 
during scanning to discharge the charges stored in the 
integrating capacitor 71b, the change in voltage corresponding 
to the quantity of the latent image charges for each pixel is 
sequentially observed across the integrating capacitor 71b, and 
by detecting this change in voltage, the image signal 
representing the static latent image can be obtained. In other 
words, the radiation image information can be read out. 

When each element 17a of the sub-electrode 17 is located 
just above the element 16a of the stripe electrode 16, both being 
disposed so that they are opposed to each other, the charges 
are rearranged concurrently for all the elements 17a for the 
sake of reading out the image signal concurrently for the 
respective elements 1 6a of the stripe electrode 16. In this case , 
in the pixel locations other than those where reading is carried 
out with the reading light L2 in vertical scanning, the element 
16a is opposed to the element 17a, resulting in the distributed 
capacitance which does not contribute to the signal reading being 
increased, and this is disadvantageous from the viewpoint of 
steady noise. However, because the element 17a is not switched 
over, no switching noise is produced. 

FIG. 1 OA to FIG. 10C are drawings illustrating the schematic 
configuration of a radiation solid-state detector according to 
a second embodiment of the present invention, FIG. 10A being 
a perspective side view, FIG. 10B being an X-Z sectional drawing 
at the portion shown by arrow-Q, and FIG. 10C being an X-Y 
sectional drawing at the portion shown by arrow-P. In FIG. 10A 

48 



to FIG. IOC, any element equivalent to that of the detector 10 
according to the first embodiment as shown in FIG. 1A to FIG. 
1C is provided with the same reference numeral, and the 
description about it will be omitted except when required. With 
this detector 10a according to the second embodiment, the 
elements 17a of the sub-electrode 17 are disposed so that they 
almost orthogonally intersect the elements 16a of the stripe 
electrode 16. 

The microplate 18 is disposed correspondingly in the 
location where the element 16a intersects the element 17a. When 
pulsed light is to be projected as the reading light L2, the 
system is configured so that the pulsed light is projected at 
least into the locations in the photoconductive layer for reading, 
14, which correspond to the locations where the microplates 18 
are disposed. 

When the elements 17a are thus disposed so that they almost 
orthogonally intersect the elements 16a, all the elements 17a 
are connected to the non-inverting input terminals of the current 
detection amplifiers 71 and the electrode of the electrode layer 
11 to carry out charge-rearrangement prior to reading. 
Thereafter, preferably, only the element 17a corresponding to 
the scanning position in vertical scanning with the reading light 
L2, i.e., the element 17a in the reading line, or the elements 
17a in the reading line and the lines around it are connected 
to the non-inverting input terminals of the current detection 
amplifiers 71 and the electrode of the electrode layer 11, and 
the other elements 17a are left open. This technique is 



extremely advantageous from the viewpoint of steady noise. 

If all the elements 17a are left to be connected during 
reading, the distributed capacitance is lower than that when 
both elements 16a and 17a are disposed so that they are opposed 
5 to each other- In this case, there is no need to provide line 
switching-over means, resulting in the cost being reduced. 

FIG. llAto FIG. 11C are drawings illustrating the schematic 
configuration of a radiation solid-state detector according to 
a third embodiment of the present invention, FIG. 11A being a 

10 perspective side view, FIG. 11B being an X-Z sectional drawing 
at the portion shown by arrow-Q, and FIG. 11C being an X-Y 
sectional drawing at the portion shown by arrow-P. In FIG. 11A 
to FIG. 11C, any element equivalent to that of the detector 10 
according to the first embodiment as shown in FIG. 1A to FIG. 

15 1C is provided with the same reference numeral, and the 
description about it will be omitted except when required. With 
this detector 10b according to the third embodiment, the 
microplates 18 for the above-stated detector 10 are removed. 
Therefore, when the quantity of the recording light LI is 

20 small, the negative charges are attracted toward the center of 
the respective elements 16a, resulting in the latent image 
charges being distributed to each element 16a, and the latent 
image charges being stored in accordance with the arrangement 
of the elements 16a. Therefore, by narrowing the spacing between 

25 elements 16a, the locations where the latent image charges are 
stored are fixed at least for the direction of arrangement of 
the elements 16a. 
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Regardless of whether the microplates 18 are provided or 
not, the smaller the sum of the thickness of the charge 
transporting layer 13 and that of the photoconductive layer for 
reading, 14, for a given thickness of the photoconductive layer 
5 for recording, 12 , the lower the ratio of the width of the element 
16a to the pitch for the elements 16a (preferably, 75% or less) , 
and if the sum of the thickness of the charge transporting layer 
13 and that of the photoconductive layer for reading, 14, is 
approximately equal to or less than the pitch for the stripe 

10 electrode 16 and the smaller the sum, the more clearly the area 
where there is no electric field will be formed. Further, by 
decreasing the mobility of the negative charge in the charge 
transporting layer 13 to a value sufficiently lower than that 
of the positive charge (for example, to 1/10 J or less), the 

15 ability of storing the latent image charges is improved and also 
the ability of maintaining the static latent image is enhanced. 

FIG. 12Ato FIG. 12C are drawings illustrating the schematic 
configuration of a radiation solid-state detector according to 
a fourth embodiment of the present invention, FIG. 12A being 

20 a perspective side view, FIG. 12B being an X-Z sectional drawing 
at the portion shown by arrow-Q, and FIG. 12C being an X-Y 
sectional drawing at the portion shown by arrow-P. In FIG. 12A 
to FIG. 12C, any element equivalent to that of the detector 10 
according to the first embodiment as shown in FIG. 1A to FIG. 

25 1C is provided with the same reference numeral, and the 
description about it will be omitted except when required. With 
this detector 10c according to the fourth embodiment, the 



above-stated detector 10a is combined with the above-stated 
detector 10b, the elements 17a of the sub-electrode 17 being 
disposed roughly orthogonally to the elements 16a of the stripe 
electrode 16, and the micr opiates 18 being removed. The 
5 detailed description of the function when this detector 10c is 
used will be omitted. The function of the detector 10c is based 
on that of the detector 10, providing the function as a result 
of combination of the detector 10a with the detector 10b. 

When pulsed light is to be projected as the reading light 

10 L2, the system is configured so that the pulsed light is projected 
onto the locations in the photoconductive layer for reading, 
14, which correspond to the locations where the elements 16a 
intersect the elements 17a. 

FIG. 13A to FIG. 13C are drawings illustrating the schematic 

15 configuration of a radiation solid-state detector according to 
a fifth embodiment of the present invention, FIG. 13A being a 
perspective side view, FIG. 13B being an X-Z sectional drawing 
at the portion shown by arrow-Q, and FIG. 13C being an X-Y 
sectional drawing at the portion shown by arrow-P. in FIG. 13A 

20 to FIG. 13C, any element equivalent to that of the detector 10 
according to the first embodiment as shown in FIG. 1A to FIG. 
1C is provided with the same reference numeral, and the 
description about it will be omitted except when required. With 
this detector lOd according to the fifth embodiment, the charge 

25 transporting layer 13 for the above-stated detector 10a is 
removed. The entire thickness of the detector lOd can therefore 
be reduced by the thickness of the charge transporting layer 



13. 

As described above, when the microplates 18 are provided, 
the negative charges generated in the photoconductive layer for 
recording, 12, are stored on the microplates 18 in the recording 
5 process. Therefore, if the charge transporting layer 13, which 
has nonconductivity to the latent image charges , is not provided, 
the latent image charges can be stored only with the microplates 
18. The negative charges which have not been stored on the 
microplates 18 are passed though the photoconductive layer for 

10 reading, 14, and recoupled with the positive charges stored on 
the stripe electrode 16, thus being cancelled. In the reading 
process, the latent image charges around the respective 
microplates 18 can be attracted toward the central portion of 
the plates to be sufficiently discharged to minimize the quantity 

15 of the charges left unread. 

FIG. 14A to FIG. 14C are drawings illustrating the schematic 
configuration of a radiation solid-state detector according to 
a sixth embodiment of the present invention, FIG. 14A being a 
perspective side view, FIG. 14B being an X-Y sectional drawing 

2 0 at the portion shown by arrow-Q, and FIG. 14C being an X-Z 
sectional drawing at the portion shown by arrow-P. In FIG. 14A 
to FIG. 14C, any element equivalent to that of the detector 10 
according to the first embodiment as shown in FIG. 1A to FIG. 
1C is provided with the same reference numeral , and the 

25 description about it will be omitted except when required. 

With the detector lOe according to the sixth embodiment, 
the size of the microplates 18 for the detector 10 is changed, 



the length of the side of each microplate 18 being specified 
to be smaller than the pixel pitch, i.e., less than half of the 
arrangement pitch for the elements 16a. As shown in FIG. 14B 
and FIG. 14C, each microplate 18 is located just below the element 
5 16a, i.e., in the central portion of the pixel, and the 
microplates 18 are disposed at the pixel pitch for the 
longitudinal direction of the elements 16a. 

An electric charge model in the static latent image recording 
process when the detector lOe is used is shown in FIG. 15A to 

10 FIG. 15C, while that in the static latent image reading process 
is shown in FIG. 16A to FIG. 16C. 

In the recording process, the U-shaped electric field is 
further concentrated on the microplate 18, i.e., the pixel 
central portion in the vicinity of the charge storing section 

15 19, because, in the charge storing section 19, the microplate 
18 which is shorter than the pixel pitch is provided for the 
respective elements 16a of the stripe electrode 16. Therefore, 
as the hatched areas indicated with an arrow Z in FIG. 15A, large 
areas where there is no electric field are formed in the charge 

20 storing section 19. 

The negative charges generated in the photoconductive layer 
for recording, 12, are transferred along this electric field 
so that they are concentrated on the respective microplates 18 
(FIG. 15B) . Then, they are stopped, being caught by and stored 

25 on the respective microplates 18(FIG. 15C). The charge 
transporting layer 13 acts as an insulator for charges having 
the same polarity as that of the charges stored in the electrode 



layer 11, (in this example, a negative charge) , i.e. , the latent 
image charges, and so, of the negative charges which have been 
transferred in the photoconductive layer for recording, 12, the 
charges which have not been caught by the microplates 18 are 
5 stopped in the charge storing section 19, which is the boundary 
between the photoconductive layer for recording, 12, and the 
charge transporting layer 13. As a result, charges are stored 
not only on the respective microplates 18, but also around them 
in the charge storing section 19, which means that the negative 

10 charges are stored as the latent image charges on and around 
the respective microplates 18 (FIG. 15D). 

Thus, with the detector lOe, the latent image charges are 
stored on and around the respective microplates 18, and so, the 
pixels can be formed in the fixed locations for both the 

15 horizontal scanning and the vertical scanning, and for both 
scanning directions, the static latent image can be recorded 
with high sharpeness (spatial resolution). 

On the other hand, in the reading process, the latent image 
charges are sequentially cancelled, starting from those in the 

20 central portion, as with the above-stated detector 10. The 
microplate 18 for the detector lOe is smaller than that for the 
detector 10, the latent image charges being stored not only on 
the respective microplates 18 but also around them (FIG. 16A), 
and the latent image charges stored around the microplate 18 

25 cannot be said to always have the same potential as those on 
it, being left in their original locations if the reading 
progresses . However, in the recording process, the latent image 



charges are stored, being concentrated on the respective 
microplates 18, which means, they are stored in the respective 
pixel central portions more intensively than are when the 
microplates 18 are not provided, which reduces the possibility 
5 of charges being left unread in the final process of reading 
(FIG. 16B and FIG. 16C) . In addition, because the charges are 
stored not only on the respective microplates 18 , but also around 
them, the quantity of the stored charges will not be reduced, 
and the level of the image signal obtained by reading will not 

10 be lowered. In other words, with this detector lOe, the image 
signal level is not deteriorated, and it is possible to form 
the pixels in the fixed locations on the detector, and to realize 
both improvement of the reading efficiency and enhancement of 
the sharpeness . The technique which sets the length of each side, 

15 i.e., the size of the microplate 18 at a value smaller than the 
pixel pitch can be applied not only to the detector 10, but also 
to the above-stated other detectors, and the later described 
detectors . 

A seventh embodiment of the radiation solid-state detector 
20 according to the present invention will be described with 
reference to FIG. 17A to FIG. 17C. FIG. 17A is a perspective 
side view of a detector 20, FIG. 17B is an X-Z sectional drawing 
at the portion shown by arrow-Q, and FIG. 17C is an X-Y sectional 
drawing at the portion shown by arrow-P. 
25 This detector 2 0 comprises an electrode layer 21, a 

photoconductive layer for recording, 22, a charge transporting 
layer 23, a photoconductive layer for reading, 24, and an 



electrode layer 25 which are stacked together in this order, 
providing a sub-electrode 27 in the electrode layer 25. As the 
substances for these layers, the substances for the detector 
10 according to the first embodiment are used. As with the 
5 detector 10, the electrode of the electrode layer 25 is a stripe 
electrode 26 with which a number of elements 26a are arranged 
in the form of stripes, and in a charge storing section 29, which 
is the boundary between the photoconductive layer for recording, 
22, and the charge transporting layer 23, microplates 28 which 

10 have roughly the same size as the pixel pitch are provided. 

With the sub-electrode 27 provided in the electrode layer 
25, a number of elements 27a are arranged in the form of stripes, 
the elements 27a being arranged so that the element 27a and the 
element 26a of the stripe electrode 26a are alternately disposed . 

15 An area 25a between both elements, is filled with a high-polymer 
material, such as polyethylene in which some quantity of carbon 
black or other pigment is dispersed. The stripe electrode 26 
and the sub-electrode 27 are electrically insulated from each 
other. The sub-electrode 27 is a conductive member for 

20 outputting an electric signal at a level corresponding to the 
quantity of the latent image charges stored in the charge storing 
section 29 formed roughly at the boundary between the 
photoconductive layer for recording, 22, and the charge 
transporting layer 23. 

25 The sub-electrode 27 is coated with such a metal as AL and 

Cr, being formed so as to have a shading property with respect 
to the reading light L2, and therefore, no pairs of charges for 



taking out a signal are generated in the locations in the 
photoconductive layer for reading, 24, which correspond to the 
elements 2 7a. 

The microplate 28 is provided not only just above the element 
5 26a, but also extends to just above the element 27a. In this 
way, the latent image charges stored on the microplate 28 are 
always held at the same potential, which allows them to move 
freely on the microplate 28, making the discharge in reading 
easier. The microplate 28 may be disposed so that its center 

10 is located just above the element 27a to make collection of the 
charges around the pixel easier. 

When the detector 10 is used, the specified control voltage 
is applied to the sub-electrode 17 so that the latent image 
charges are stably stored in the charge storing section 19. 

15 However, with this detector 20, the sub-electrode 2 7 is provided 
in the electrode layer 25, so that, by applying the control 
voltage so that the sub-electrode 27 has the same potential as 
that of the stripe electrode 26, a uniform electric field can 
be formed between the electrode layer 21 and the electrode layer 

20 25. This is preferable when the size of the microplate 28 is 
the same as that of the entire pixel, i.e., the pixel pitch. 
By controlling the sub-electrode 27 so that it is open or has 
a potential closer to that of the electrode layer 21 than that 
of the stripe electrode 26 , the latent image charges can be stored 

25 more intensively above the stripe electrode 26. This technique 
can be effectively used when the microplate 28 is smaller than 
the pixel pitch. 



With this detector 20, a capacitor C^. c is formed between the 
charge storing section 29 and the sub-electrode 27 through the 
photoconductive layer for reading, 24, and the charge 
transporting layer 23 . Providing the sub-electrode 27 will have 
5 practically no great effect on the capacitance value C a of the 
capacitor C% a formed between the electrode layer 21 and the charge 
storing section 29 through the photoconductive layer for 
recording, 22, and the capacitance value C b of the capacitor 
C;j. b formed between the stripe electrode 2 6 and the charge storing 

10 section 29 through the photoconductive layer for reading, 24, 
and the charge transporting layer 23 . 

Here, in consideration of the capacitance values of the 
capacitors C% b and C %0 it will be noted that the ratio of the 
capacitance values C b and C c is that of the widths W b and W c of 

15 the elements 26a and 27a. This means that, as with the 
above-stated detector 10, the quantity Q +b of the positive 
charges distributed to the capacitor C # b in the charge 
rearrangement can be reduced to below that when the sub-electrode 
27 is not provided, and the current flowing out from the detector 

2 0 2 0 to the outside can be increased to above that when the 
sub-electrode 27 is not provided. 

With the detector 10, the capacitance values of the 
capacitors are defined by the film thickness ratio, but, with 
this detector 20, the capacitance values of at least the 

25 capacitors C^. b and C* 0 are defined by the width ratio for the 
element 26a and the element 27a constituting the respective 
electrodes, which means that, the construction of the detector 
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is simple, and the manufacturing can be performed easily. 

FIG. 18A to FIG. 18C are drawings illustrating the schematic 
configuration of a radiation solid-state detector according to 
a eighth embodiment of the present invention, FIG. 18A being 
5 a perspective side view, FIG. 18B being an X-Z sectional drawing 
at the portion shown by arrow-Q, and FIG. 18C being an X-Y 
sectional drawing at the portion shown by arrow-P. In FIG. 18A 
to FIG. 18C, any element equivalent to that of the detector 20 
according to the seventh embodiment as shown in FIG. 17A to FIG. 

10 17C is provided with the same reference numeral, and the 
description about it will be omitted except when required. With 
this detector 20 according to the eighth embodiment, the 
microplates 2 8 for the above-stated detector 20 are removed, 
and in recording, the stripe electrode 2 6 is connected to the 

15 sub-electrode 27 to positively utilize the sub-electrode 27 for 
formation of the electric field. 

FIG. 19A is an electric charge model illustrating the static 
latent image recording process when the stripe electrode 2 6 is 
connected with the sub-electrode 27 for recording, and FIG. 19B 

20 is an electric charge model illustrating the static latent image 
reading process for the permeating portion 9a of the subject 
9. When recording is carried out with the stripe electrode 26 
being connected with the sub-electrode 27, the latent image 
charges are stored not only in the locations corresponding to 

25 the elements 2 6a, but also in those corresponding to the elements 
2 7a. When the reading light L2 is projected onto the 
photoconductive layer for reading, 24, in reading, the latent 



image charges in the locations corresponding to the two elements 
27a, i.e., the locations above both elements 27a, are 
sequentially read out through the two elements 27a. In other 
words, as shown in FIG. 19B, discharge is caused from the element 
5 26a located at the center of the pixel toward the latent image 
charges in the locations corresponding to (above) the elements 
27a adjacent to it, whereby reading is progressed. To take out 
more signal charges, it is recommended that the width of the 
element 27a be larger than that of the element 26a. 

10 FIG. 20A to FIG. 20C are drawings illustrating the schematic 

configuration of a radiation solid-state detector according to 
a ninth embodiment of the present invention, FIG. 2 OA being a 
perspective side view, FIG. 20B being an X-Z sectional drawing 
at the portion shown by arrow-Q, and FIG. 20C being an X-Y 

15 sectional drawing at the portion shown by arrow-P. In FIG. 2 OA 
to FIG. 20C, any element equivalent to that of the detector 2 0 
according to the seventh embodiment as shown in FIG. 17A to FIG. 
17C is provided with the same reference numeral, and the 
description about it will be omitted except when required. With 

20 this detector 20b according to the ninth embodiment of the 
present invention, the microplates 28 for the above-stated 
detector 20 are removed, and the element 26a of the stripe 
electrode 26 and the element 27a of the sub-electrode 27 are 
alternately disposed in one pixel . With the detector 20b shown, 

25 three elements 26a and three elements 27a are provided in one 
pixel. When this detector 2 0b is used for recording and reading, 
it is recommended that the elements 26a and the elements 27a 
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be handled in units of one pixel. Assuming that the size of one 
pixel for the detector 20 is the same as that for the detector 
20b, the width W b of the element 26a and the W c of the element 
27a for the detector 2 0b are set more narrowly than the width 
5 W b and the W e for the above-stated detector 20. Now that 
semiconductor formation technology is very advanced, it is easy 
to form both elements 26a and 27a sufficiently narrowly to 
manufacture the detector 20b. 

With this detector 2 0b, the ratio of the distance Dl between 

10 the charge storing section 29 and the electrode layer 25 to the 
distance D2 between both elements 2 6a and 27a can be easily 
increased to a value higher than that for the above-stated 
detector 20a according to the eighth embodiment. In this way, 
discharge tends to be easily caused from the element 26a toward 

15 the latent image charges in the locations corresponding to the 
elements 27a adjacent to it, whereby the reading time can be 
decreased to below that for the detector 20. This technique is 
particularly effective when no microplates 28 are provided. 
FIG. 21A to FIG. 21C are drawings illustrating the schematic 

2 0 configuration of a radiation solid-state detector according to 
a tenth embodiment of the present invention, FIG. 21A being a 
perspective side view, FIG. 2 IB being an X-Z sectional drawing 
at the portion shown by arrow-Q, and FIG. 21C being an X-Y 
sectional drawing at the portion shown by arrow-P. In FIG. 21A 

25 to FIG. 21C, any element equivalent to that of the detector 20 
according to the seventh embodiment as shown in FIG. 17A to FIG. 
17C is provided with the same reference numeral, and the 



description about it will be omitted except when required. With 
this detector 2 0c according to the tenth embodiment of the 
present invention, the charge transporting layer 23 for the 
above-stated detector 20a is removed, and the configuration 
5 corresponds to that of the above-stated detector lOd. 

The detailed description of the function in the recording 
process and the reading process when this detector 20c is used 
will be omitted. As with the above-stated detector lOd, the 
negative charges generated in the charge transporting layer 23 
10 can be stored on the microplates 28 in the recording process, 
and in the reading process, the negative charges can be 
sufficiently discharged to minimize the quantity of the charges 
left unread. 

An eleventh embodiment of the radiation solid-state 
15 detector according to the present invention will be described 
with reference to FIG. 22A to FIG. 22C. FIG. 22A is a perspective 
side view of a detector 30; FIG. 22B is an X-Z sectional drawing 
at the portion shown by arrow-Q; and FIG. 22C is an X-Y sectional 
drawing at the portion shown by arrow-P. 
20 This detector 3 0 comprises an electrode layer 31, a 

photoconductive layer for recording, 32, a charge transporting 
layer 33, a photoconductive layer for reading, 34, and an 
electrode layer 35 which are stacked together in this order, 
providing a sub-electrode 3 7 at the boundary between the 
25 photoconductive layer for reading, 34, and the charge 
transporting layer 33. As the substances for these layers, the 
substances for the detector 10, etc. according to the first 



embodiment are used. As with the detector 10, etc., the 
electrode of the electrode layer 35 is a stripe electrode 3 6 
with which a number of elements 36a are arranged in the form 
of stripes, and microplates 38 which have roughly the same size 
5 as the pixel pitch are provided in a charge storing section 39, 
which is the boundary between the photoconductive layer for 
recording, 32, and the charge transporting layer 33. 

With the sub-electrode 37, a number of elements 37a are 
arranged in the form of stripes, and the elements 37a are disposed 

10 so that they almost orthogonally intersect the elements 3 6a of 
the stripe electrode 36. Each element 37a may be located just 
above the element 36a of the stripe electrode 36, both being 
disposed so that they are opposed to each other. The sub- 
electrode 37 may be either permeable or not permeable to the 

15 recording light and the reading light. 

With this detector 30, the sub-electrode 37 is provided at 
the boundary between the photoconductive layer for reading, 34, 
and the charge transporting layer 33. Therefore, the electric 
field formed between the photoconductive layer for reading, 34, 

2 0 and the charge transporting layer 33 is slightly disturbed by 
the sub-electrode 37, but, the latent image charge generated 
in the photoconductive layer for recording, 32, will not be 
caught by the sub-electrode 37. 

With this detector 30, a capacitor C* a is formed between the 

2 5 charge storing section 39 and the sub-electrode 37 through the 
charge transporting layer 33. Providing the sub-electrode 37 
will have practically no great effect on the capacitance value 



C a of the capacitor C% a formed between the electrode layer 31 
and the charge storing section 39 through the photoconductive 
layer for recording, 32, and the capacitance value C b of the 
capacitor C* b formed between the stripe electrode 36 and the 
5 charge storing section 39 through the photoconductive layer for 
reading, 34, and the charge transporting layer 33. 

The capacitance values of the capacitors are defined by the 
film thickness ratio, as with the detector 10. Unlike the 
detector 20, the detector 30 provides the sub-electrode 3 7 

10 outside the electrode layer 35, which means that, the width and 
the pitch for the elements 37a can be set independently of the 
width and the pitch for the elements 36a, so the capacitance 
values can be set more easily than with the detector 20. 

Also with this detector 30, as a result of the capacitor 

15 C „. c being formed, the quantity Q +b of the positive charges 
distributed to the capacitor in the charge rearrangement can 
be reduced to below that when the sub-electrode 3 7 is not provided , 
and the current I flowing out from the detector 3 0 to the outside 
can be increased to above that when the sub-electrode 37 is not 

20 provided. 

With the detector 20, the elements 27a of the sub-electrode 
27 are disposed in parallel with the elements 26a of the stripe 
electrode 26. Therefore, all the elements 27a must be 
electrically connected for carrying out the reading, which 

25 increases the distributed capacitance, being disadvantageous 
from the viewpoint of fixed noise. On the other hand, with the 
detector 30, when the elements 37a are disposed roughly 



orthogonally to the elements 36a, the charges can be rearranged 
by carrying out switchover so that only the element 37a 
corresponding to the scanning position in vertical scanning with 
the reading light L2 is connected to the electrode layer 31 and 
5 the stripe electrode 36, and the other elements 37a can be left 
open, which means that, the distributed capacitance which does 
not contribute to the signal reading can be reduced to an 
extremely low value for reduction of the fixed noise. 

Because the sub-electrode 3 7 is located closer to the charge 

10 storing section 39 than to the photoconductive layer for reading, 
34, in the detector 30, it has no effect on the charge generation 
process by the reading light L2, and so, whether or not the 
sub-electrode 3 7 is permeable to the reading light L2 has no 
effect on the reading resolution. 

15 When the sub-electrode in the form of stripes is provided 

between the photoconductive layer for reading and the charge 
transporting layer, the width and the pitch for the elements 
can be freely set as stated above, which means that, each element 
37a may be disposed so that it is located under and between 

20 microplates 3 8 rather than just under the microplate 38, and 
the two elements 3 7a sandwiching the microplates 38 related to 
the reading line may be shorted simultaneously to carry out the 
reading. In this case, the size of the microplates 38 is 
generally set at a value approximately equal to the pixel pitch, 

25 for example, when the width of the element 36a is 75 jum, and 
the pitch is 100 /am, the size of the microplate 38 is set at 
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approx. 75 JUL m square. Therefore, in this case, it is 
recommended to set the width of the element 37a at 10 /zm, and 
the pitch at 10 0 jum, for example. Also when no microplates are 
provided, two elements 37a can be shorted simultaneously to read 
out the charges for the pixels sandwiched by these two elements 
37a. 

Next, a twelfth embodiment of the radiation solid-state 
detector according to the present invention will be described 
with reference to FIG. 23AtoFIG. 23C. FIG. 23A is a perspective 
side view of a detector 40, FIG. 23B is an X-Z sectional drawing 
at the portion shown by arrow-Q, and FIG. 23C is an X-Y sectional 
drawing at the portion shown by arrow-P. 

This detector 40 comprises an electrode layer 41, a 
photoconductive layer for recording, 42, a charge transporting 
layer 43, a photoconductive layer for reading, 44, and an 
electrode layer 45 which are stacked together in this order, 
providing a sub-electrode 47 in the charge transporting layer 
43. As the substances for these layers, the substances for the 
detector 10, etc. according to the first embodiment are used. 
As with the detector 10, etc., the electrode of the electrode 
layer 45 is a stripe electrode 46 with which a number of elements 
46a are arranged in the form of stripes , and microplates 48 which 
are effective to concentrate the latent image charges on the 
pixel central portion are provided in a charge storing section 
49, which is the boundary between the photoconductive layer for 
recording, 42, and the charge transporting layer 43. 

With the sub-electrode 47, a number of elements 47a are 
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arranged in the form of stripes, and the elements 47a are disposed 
so that they almost orthogonally intersect the elements 46a of 
the stripe electrode 46. Each element 47a may be located just 
above the element 4 6a of the stripe electrode 46, both being 
5 disposed so that they are opposed to each other. The sub- 
electrode 47 may be either permeable or not permeable to the 
recording light and the reading light. 

With this detector 40, a capacitor C* 0 is formed between the 
charge storing section 49 and the sub-electrode 47 through a 

10 part of the charge transporting layer 43. Providing the 
sub-electrode 4 7 will have practically no great effect on the 
capacitance value C a of the capacitor C^ a formed between the 
electrode layer 41 and the charge storing section 49 through 
the photoconductive layer for recording, 42, and the capacitance 

15 value C b of the capacitor C^j, formed between the stripe electrode 
4 6 and the charge storing section 49 through the photoconductive 
layer for reading, 44, and the charge transporting layer 43. 
The capacitance values of the capacitors are defined by the film 
thickness ratio as with the detector 10. 

20 This detector 4 0 is different in configuration from the 

above-stated detector 3 0 in that the sub-electrode 47 is provided 
in the charge transporting layer 43, but there is no great 
difference in function and effect between the two. However, the 
sub-electrode 47 can be disposed in a location closer to the 

25 charge storing section 49 than with the detector 30 , which means , 
the current I a read out through the sub-electrode 4 7 can be 
increased to above that obtained with the detector 30. 
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FIG. 24A to FIG. 24C are drawings illustrating the schematic 
configuration of a radiation solid-state detector according to 
a thirteenth embodiment of the present invention, FIG. 24A being 
a perspective side view, FIG. 24B being an X-Z sectional drawing 
5 at the portion shown by arrow-Q, and FIG. 24C being an X-Y 
sectional drawing at the portion shown by arrow-P. 

This detector 50 comprises an electrode layer 51, a 
photoconductive layer for recording, 52, a charge transporting 
layer 53, a photoconductive layer for reading, 54, and an 

10 electrode layer 55 which are stacked together in this order, 
providing a sub-electrode 57 at the boundary between the 
photoconductive layer for recording, 52, and the charge 
transporting layer 53. As the substances for these layers, the 
substances for the detector 10, etc. according to the first 

15 embodiment are used. As with the detector 10, etc., the 
electrode of the electrode layer 55 is a stripe electrode 56 
with which a number of elements 56a are arranged in the form 
of stripes. 

The elements 5 7a are disposed so that they almost 
20 orthogonally intersect the elements 56a of the stripe electrode 
56. With the detector 50 shown, the pixel pitch is set at 100 
jum, the width of the element 56a is at 75 ju.m, and the width 
of the element 57a is at 10 //m. To reduce the quantity of the 
latent image charges to be stored on the elements 57a, the width 
25 of the element 57a is narrowed down. 

FIG. 25A is an electric charge model (a top view) 
illustrating the static latent image recording process when this 



detector 50 is used, and FIG. 25B is an electric charge model 
(an X-Y sectional drawing) illustrating the static latent image 
reading process for the element 56a having the element No. el. 
In the recording process, all the elements 57a are in the 
5 floating state for carrying out the recording. Assuming that 
the permeating portion 9a of the subject 9 corresponds to the 
element 56a having the element No. el, the latent image charges 
are stored in the portion of the charge storing section 59 which 
corresponds to the element 56a of the No. el. In FIG. 25A, it 

10 is shown that eight latent image charges are stored. 

On the other hand, in the reading process, two elements 57a 
are simultaneously connected to the non-inverting input 
terminal of the current detection amplifier 71 and the electrode 
layer 51 for one pixel to carry out the reading. When the reading 

15 light L2 is projected onto the photoconductive layer for reading, 
54, the latent image charges in the portion corresponding to 
the location sandwiched by the two elements 57a are sequentially 
read out through the two elements 5 7a. In FIG. 2 5B, it is shown 
that six of the eight latent image charges stored in the charge 

20 storing section 59 are taken out by the current detection 
amplifier 71 as signal charges. 

FIG. 26Ato FIG. 26C are drawings illustrating the schematic 
configuration of a radiation solid-state detector according to 
a fourteenth embodiment of the present invention, FIG. 26A being 

25 a perspective side view, FIG. 26B being an X-Z sectional drawing 
at the portion shown by arrow-Q, and FIG. 26C being an X-Y 
sectional drawing at the portion shown by arrow-P. In FIG. 26A 



to FIG. 26C, any element equivalent to that of the detector 5 0 
according to the thirteenth embodiment as shown in FIG. 24A to 
FIG. 24C is provided with the same reference numeral, and the 
description about it will be omitted except when required. With 
5 this detector 50a according to the fourteenth embodiment of the 
present invention, the charge transporting layer 53 for the 
above-stated detector 50 is removed, and the configuration 
corresponds to that of the above-stated detector lOd, 20c. For 
each pixel, the microplate 58 is discretely provided just above 

10 the element 56a in the location sandwiched by the elements 57a 
at the boundary between the photoconductive layer for recording, 
52, and the photoconductive layer for reading, 54. 

FIG. 27A is an electric charge model (a top view) 
illustrating the static latent image recording process when this 

15 detector 50a is used, and FIG. 27B is an electric charge model 
(an X-Y sectional drawing) illustrating the static latent image 
reading process for the element 56a having the element No. el. 
The detailed description about the functions in the reading 
process and the recording process will be omitted. With the 

20 detector 50a, the function of the above-stated detector 50 is 
combined with the effects of the microplates 18, 28 in the 
detectors lOd, 20c. 

Up to now, the preferred embodiments of the radiation 
solid-state detector according to the present invention, and 

25 the method and device for recording of radiation image 
information in the detector, and the method and device for 
reading out the radiation image information recorded in the 



radiation solid-state detector according to the present 
invention have been described, but, the present invention is 
not limited to the above-stated embodiments, and so long as the 
gist of the invention is not changed, the invention can be changed 
5 in various ways . 

For example, with the above-stated embodiments, the first 
electrode layer on the side where the recording light is 
projected is connected with the newly provided sub-electrode, 
and the sum (I a + I c ) of the current I a flowing out from the 

10 capacitor C% a configured by the first electrode layer and the 
current l c flowing out from the capacitor C* 0 configured by the 
sub-electrode is detected as a signal current. However, as stated 
above, with the detector according to the present invention, 
the capacitance value C c of the capacitor C* c can be increased 

15 to a value sufficiently higher than the capacitance value C a of 
the capacitor C^ a , which means, the current I c flowing out from 
the capacitor C* c can be increased to a value sufficiently higher 
than the current I a flowing out from the capacitor C^. a , and if 
only the current I 0 flowing out from the capacitor C% c is detected 

20 through the sub-electrode, an image signal larger than that 
obtained when the sub-electrode is not provided can be taken 
out. Particularly, with the detector 10, 40, the sub-electrode 
can be disposed in a location close to the charge storing section, 
and so, the capacitance value C c of the capacitor C% c can be 

25 increased to a value much higher than the capacitance value C a 
of the capacitor C^. a , which is advantageous. 

The basic detector to which the present invention is to be 
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applied may be any detector, provided that it is a detector with 
which electrodes are stacked so that they sandwich the 
photoconductive layer for recording and the photoconductive 
layer for reading, and it is preferable that the present 
5 invention be applied to such a detector as that which has been 
proposed by the present applicant in the above-mentioned 
Japanese Patent Application No. 10 ( 1998 ) -232824 , and Japanese 
Patent Application No. 10 ( 1998 ) -271374 . The detectors are not 
limited to those according to the above-stated embodiments, but 

10 various variants, such as those having a charge transporting 
layer made of a different material, and a multilayer 
configuration, which have been proposed in the above-mentioned 
Japanese Patent Application No. 10 ( 1998 ) -232824 , etc., are 
available, and these can be combined with the disposal of the 

15 sub-electrode and the microplate according to the present 
invention. In this way, while the high speed response in reading 
is maintained, the reading efficiency can be further improved, 
and it can be intended to improve the reading resolution and 
reduce the dark current. 

20 Further, with any of the detectors according to the 

above-stated embodiments, the electrode of the second electrode 
layer and the sub-electrode are a stripe electrode, but, the 
electrodes are not always limited to the stripe electrode. For 
example, the electrode of the second electrode layer may be a 

25 flat plate electrode. The sub-electrode may be configured so 
that, as with the above-stated microplates, minute electrodes 
are each disposed so as to correspond to the pixel, and a reading 



line is provided for each minute electrode for obtaining a 
signal. 

Further, with any of the detectors according to the 
above-stated embodiments, the photoconductive layer for 
recording exhibits a conductivity when irradiated with the 
radiation for recording, but, the photoconductive layer for 
recording according to the present invention is not always 
limited to this, and the photoconductive layer for recording 
may be such that it exhibits a conductivity when irradiated with 
irradiated with the light emitted by excitation on the radiation 
for recording (refer to Japanese Patent Application No. 10 
( 1998)-232824) . In this case, on the surface of the first 
electrode layer must be stacked a wavelength conversion layer, 
known as an X-ray scintillator, which wavelength-converts the 
radiation for recording into light in the other wavelength region, 
such as blue light. As this wavelength conversion layer, it is 
preferable to use such a substance as cesium iodide (Csl) . The 
first electrode layer must be permeable to the light emitted 
in the wavelength conversion layer by excitation on the radiation 
for recording. 

With the detectors 10, 20, 30, 40, 50, etc., a charge 
transporting layer is provided between the photoconductive 
layer for recording and the photoconductive layer for reading, 
and at the boundary between the photoconductive layer for 
recording and the charge transporting layer, a charge storing 
section is formed. However, with the present invention, the 
charge transporting layer may be replaced with a trap layer. 
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When it is replaced with a trap layer, the latent image charges 
are caught by the trap layer, and they are stored in the trap 
layer or at the boundary between the trap layer and the 
photoconductive layer for recording. As with the detector 10, 
5 20, etc. , a microplate may be discretely provided for each pixel 
at the boundary between the trap layer and the photoconductive 
layer for recording. 

With the detectors according to the above-stated 
embodiments, one square microplate is provided for each pixel. 

10 However, the number of microplates may exceed one to some degree, 
so long as the microplates allow forming a pixel in the fixed 
location or causing the latent image charges to have the same 
potential so that the latent image charges around the pixel can 
be sufficiently discharged in the reading process, or the latent 

15 image charges can be concentrated on the pixel central portion 
in the recording process. For example, four triangular 
conductive members may be disposed for each pixel so that they 
form a square as a whole for allowing, in the recording process 
and the reading process, the latent image charges to be 

20 concentrated on the square central portion where the vertexes 
of the triangular members are collected, or sectorial conductive 
members may be disposed so that they form a circle as a whole. 
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What is claimed is : 

1 . A radiation solid-state detector which has a charge 
storing section for storing the charges of the quantity 
corresponding to the dose of the radiation which has been 
5 projected, and records radiation image information as a static 
latent image in said charge storing section, 

wherein a first electrode layer having permeability to 
radiation for recording or light emitted by excitation on the 
radiation, 

10 a photoconductive layer for recording which exhibits 

conductivity when irradiated with said radiation for recording 
or said light, 

a photoconductive layer for reading which exhibits 
conductivity when irradiated with an electromagnetic wave for 
15 reading, and 

a second electrode layer having permeability to said 
electromagnetic wave for reading, are provided in this order, 

and a first conductive member for outputting an electric 
signal corresponding to the quantity of the latent image charges 
20 stored in said charge storing section formed between said 
photoconductive layer for recording and said photoconductive 
layer for reading is provided in said second electrode layer 
or between said first electrode layer and said second electrode 
layer. 

25 2. A radiation solid-state detector according to claim 1, 

wherein said first conductive member is provided at a location 
in said photoconductive layer for recording which is close to 



said photoconductive layer for reading. 

3. A radiation solid-state detector according to claim 1, 
wherein said first conductive member is provided on the face 
of said photoconductive layer for recording which is for said 

5 photoconductive layer for reading. 

4. A radiation solid-state detector according to claim 1, 
wherein said first conductive member is provided in said second 
electrode layer. 

5. A radiation solid-state detector according to any one 
10 of claims 1 to 4, wherein a second conductive member for causing 

said latent image charges to have the same potential is 
discretely provided in said charge storing section for each pixel 
for an image represented by said electric signal. 

6 . A radiation solid-state detector according to any one 
15 of claims 1 to 5, wherein a charge transporting layer which acts 

roughly as an insulator for said latent image charges, and 
roughly as a conductor for charges opposite in polarity to the 
latent image charges is provided between said photoconductive 
layer for recording and said photoconductive layer for reading, 
2 0 and the charge transporting layer forms said charge storing 
section. 

7 . A radiation solid-state detector according to any one 
of claims 1 to 5, wherein a trap layer for catching said latent 
image charges is provided between said photoconductive layer 
25 for recording and said photoconductive layer for reading, and 
the trap layer forms said charge storing section. 

8. A radiation solid-state detector according to any one 



of claims 1 to 7 , wherein the electrode constituting said second 
electrode layer and/or said first conductive member is a stripe 
electrode comprising a number of linear electrodes. 

9. A radiation solid-state detector according to any one 
5 of claims 1 to 7, wherein the electrode constituting said second 

electrode layer and said first conductive member is a stripe 
electrode comprising a number of linear electrodes, and 

the linear electrodes of said first conductive member are 
disposed so that they are opposed to or almost orthogonally 
10 intersect the linear electrodes of the electrode constituting 
said second electrode layer. 

10. A radiation image recording method which projects 
radiation onto the radiation solid-state detector according to 
any one of claims 1 to 9 to store the charges of the quantity 

15 corresponding to the dose of the projected radiation in the 
charge storing section of said radiation solid-state detector 
as latent image charges for recording of radiation image 
information as a static latent image in said charge storing 
section, 

20 wherein a control voltage to adjust the electric field formed 

between both electrode layers by a DC voltage applied across 
the first electrode layer and the second electrode layer in said 
radiation solid-state detector is applied to said first 
conductive member. 

25 11. A radiation image reading method which, from the 

radiation solid-state detector according to any one of claims 
1 to 9 in which radiation image information has been recorded 



as a static latent image, reads out said radiation image 
information, 

wherein the charges corresponding to the latent image 
charges stored in the charge storing section of said radiation 
solid-state detector are read out through said first conductive 
member to provide an electric signal at a level corresponding 
to the quantity of said latent image charges. 

12. A radiation image recording device which projects 
radiation onto the radiation solid-state detector according to 
any one of claims 1 to 9 to store the charges of the quantity 
corresponding to the dose of the projected radiation in the 
charge storing section of said radiation solid-state detector 
as latent image charges for recording of radiation image 
information as a static latent image in said charge storing 
section, comprising: 

voltage application means which applies a DC voltage across 
the first electrode layer and the second electrode layer in said 
radiation solid-state detector, and 

control voltage application means for applying, to said 
first conductive member, a control voltage to adjust the electric 
field formed between both electrode layers by a DC voltage 
applied by said voltage application means. 

13. A radiation image reading device which, from the 
radiation solid-state detector according to any one of claims 
1 to 9 in which radiation image information has been recorded 
as a static latent image, reads out said radiation image 
information, comprising: 



image signal acquisition means which, by reading out the 
charges corresponding to the latent image charges stored in the 
charge storing section of said radiation solid-state detector 
through said first conductive member, provides an electric 
signal at a level corresponding to the quantity of said latent 
image charges . 
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ABSTRACT OF THE DISCLOSURE 
With a detector 10 with which a first electrode layer 11, 
a photo-conductive layer for recording, 12, exhibiting 
conductivity when irradiated with recording light LI, a charge 
transporting layer 13 acting roughly as a conductor for 
transported charges opposite in polarity to the latent image 
charges, a photoconductive layer for reading, 14, exhibiting 
conductivity when irradiated with reading light L2, and an 
electrode layer 15 having a stripe electrode are stacked together, 
a sub-electrode 17, a number of elements 17a of which are each 
located just above an element 16a, being disposed so that they 
are opposed to each other, is provided in the vicinity of a charge 
storing section 19 in the photoconductive layer for recording, 
12. In recording, a specified control voltage is applied to the 
sub-electrode 17 from a power supply 73 . In reading, the current 
flowing out from each element 17a of the sub-electrode 17 is 
detected. 
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Declaration and Power of Attorney for Patent Application 

# tti H :& s # & « ft 
Japanese Language Declaration 



0 *ISIfl 



T55.oo8:£<D%W%-tLX.$Li*vj.T<nig*)-g.WL£-t* As a below named inventor, I hereby declare that: 

Masaharu Ogawa, Shinji Imai and 
Toshitaka Agano 

&<n&m . mf§liTi5.(F>fLcDS;% (nm^mWiZti My residence, post office address and citizenship are as 

tz. i§ *) x- -T „ stated next to my name, 

T&<r>&&<nmm\zfcLxm%.m.m\ctimZti,ft1!ftii I believe I am the original, first and sole inventor (if only one 
ILt^SIflrtSCoi't, g#l:ii!li4»ol-«i?flf name is listed below) or an original, first and joint inventor (if 
(TK«e:^/-55-o(0^^)iL<i±lr*fn^^o*|5l^^#-eS5 plural names are listed below) of the subject matter which is 
3£(TJ5to&#/^?gSt<7)Jta-)faC"0^-f, claimed and for which a patent is sought on the invention 

entitled 



"RADIATION SOLID-STATE DETECTORS, 



AND RADIATION IMAGE RECORD-READING 



METHOD AND DEVICE USING THE SAME " 



± s5« W <r>f$i m S= ( T IS <r>m r-XEfJ #0 ^o^i'li^ the specification of which is attached hereto unless the 
it „ * # Hfc ft ! it , following box is checked: 



□ /? a !z{§ffl£ix, *S a JK J? Dwasfiledon 

£ #j as United States Application Number or 

PCT International Application Number 



_ and was amended on 



(if applicable). 



&li,#a : m;ftiSa£#tf-h!ErE&<7>w*fll#£&i ! r l hereby state that I have reviewed and understand the 
U ft'§%:mW\,x\^z.b$:zz\zmmL£.'t. contents of the above-identified specification, including the 



claims, as amended by any amendment referred to above. 



flit, in tt®.W\m& M37WI mi&SG&iz femZtiZb&iO. I acknowledge the duty to disclose information which is 
SKo^-tSSfettBSrBB^-rsa* # *3- material to patentability as defined in Title 37, Code of 
t £18 tb £-t% Federal Regulations, Section 1 .56. 
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Japanese Language Declaration 



& is , * a a m 3s m m 119 * ( a )-(d)if x i± ^ 365 & (to 

■?<o»K : lillBfcL<li«M#8E«ia«ilco^-Cso^Sfl|Jtt| 



I hereby claim foreign priority under Title 35, United States 
Code, Section 1 19{a)-(d) or 365(b) of any foreign application(s) 
for patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 



Prior Foreign Applications 



(pa tent) 87922/1999 Japan 
(Number) (Country) 



(Number) (Country) 

(»§■) o*) 



(Number) (Country) 
(ft*) (H£) 



Priority Not Claimed 

30/03/1999 □ 

(Day/Month/Year Filed) 

□ 

(Day/Month/Year Filed) 

{mm*? a a ) 

□ 

(Day/Month/Year Filed) 
(Mi¥fl B ) 

I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) 
listed below. 



l y (Application No.) (Filing Date) 

g '~ (mm^^) (tans) 

M &fi, TISco*B&*^35$gmi20^lzS^^-CTIEOT 

~ m %m$f¥f tamtam. zntimw* x\-ixm&m>g.Lx^zw 

m nw,jjikmm365&(.c)izm^<mmi:zz',z3i&L£Te x, 

!□ * atj m<n&mx mm <nft®fr%mm mm 35mm 112 &m i 

S= ttisic^iK^n-cv^^v^*). €<o$ttf *am«#«tti a « 



(Application No.) (Filing Date) 

(ttliBS^-) (tiJJgS) 

I hereby claim the benefit of Title 35, United States Code 
Section 120 of any United States application^), or 365(c) of 
any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code Section 
112, I acknowledge the duty to disclose any material 
information which is material to patentability as defined in Title 
37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of this application: 



(Application No.) (Filing Date) (Status: Patented, Pending, Abandoned) 

(fflJS#^-) (ffilSB) mU: WfftFBTSF, «t*SF) 



(Application No.) (Filing Date) 

(&■##) (tiiiSB) 

K m X A "J , 75 >o ft GO A * L tz (S « t % <0 { a 1* h b Z h \ z S -3 < 

& n <&* ® a tf*fti:i5) * « tt a a * a a ft $ 1 « 1 oo i 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorneys) and/or agent(s) to 
prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith (list 
name and registration number) 



John H. Mion, Reg. No. 18,879; Thomas J. Macpeak, Reg. No. 19,292; Robert J. Seas, Jr., Reg. No. 21,092; 
Darryl Mexic, Reg. No. 23,063; Robert V. Sloan, Reg. No. 22,775; Peter D. Olexy, Reg. No. 24,513; J. Frank 
Osha, Reg. No. 24,625; Waddell A. Biggart, Reg. No. 24,861; Louis Gubinsky, Reg. No. 24,835; Neil B. 
Siegel, Reg. No. 25,200; David J. Cushing, Reg. No. 28,703; John R. Inge, Reg. No. 26,916; Joseph J. Ruch, 
Jr., Reg. No. 26,577; Sheldon I. Landsman, Reg. No. 25,430; Richard C. Turner, Reg. No. 29,710; Howard L. 
Bernstein, Reg. No. 25,665; Alan J. Kasper, Reg. No. 25,426; Kenneth J. Burchfiel, Reg. No. 31,333; Gordon 
Kit, Reg. No. 30,764; Susan J. Mack, Reg. No. 30,951; Frank L. Bernstein, Reg. No. 31,484; Mark Boland, 
Reg. No. 32,197; William H. Mandir, Reg. No. 32,156; Scott M. Daniels, Reg. No. 32,562; Brian W. Hannon, 
Reg. No. 32,778; Abraham J. Rosner, Reg. No. 33,276; Bruce E. Kramer, Reg. No. 33,725; Paul F. Neils, Reg. 
No. 33,102 and Brett S. Sylvester, Reg. No. 32,765 

I ft & : Send Correspondence to: 

SUGHRUE, MION, ZINN, MACPEAK & SEAS, PLLC 
2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3202 



Direct Telephone Calls t< 
(202)293-7060 



(name and telephone number) 







Full name of sole or first inventor 
Masaharu Ogawa 




a ft 


Inventor's signature Oate 

%OMJu*JUA O^AMJtk^ March 24, 2i 


&m 




Residence 

Kaisei-machi, Japan 


mm 




Citizenship 
Japan 




Post office address C / Q Fu j ± Photo Film Co., 
Ltd., 798 Miyanodai, Kaisei-machi, 




Ashigarakami-gun, Kanagawa-ken, 
Japan 






Full name of second joint inventor, if any 

Shinji Irrtai 




a ft 


Second inventor's signature A ^ Date 

xiAkuJ/t ^V^aZ March 24, 2< 






Residence <f 

Kaisei-machi, Japan 


mm 




Citizenship 

Japan 






Post office address c/q Fuj± photo Film Co>/ 
Ltd., 798 Miyanodai, Kaisei-machi, 




Ashigarakami-gun, Kanagawa-ken, 
Japan 



Hy.f*<r>^iBifSW #tc-ovNrt J |Sl «iriE«L, «r-T6r (Supply similar information and signature for third and 
to ) subsequent joint inventors.) 
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( 0 





Full name of third joint inventor, if any 
Toshitaka Agano 




Third inventor's signature Date 
OffsJ&H^cc /A^Ci^s March 24, 2i 


mm 


Residence £/ 
Kaisei-machi, Japan 


mm 


Citizenship 
Japan 




Post office address , „ ■ > n , ^ 

c/o Fuji Photo Film Co., 
Ltd., 798 Miyanodai, Kaisei-machi, 




?lshigarakami-gun, Kanagawa-ken , 
Japan 




Full name of fourth joint inventor, if any 




Fourth inventor's signature Date 




Residence 


as 


Citizenship 




Post office address 








Full name of fifth joint inventor, if any 


si^»s?rti« • aft 


Fifth inventor's signature Date 


f£ff 


Residence 




Citizenship 




Post office address 








Full name of sixth joint inventor, if any 




Sixth inventor's signature Date 




Residence 


mm 


Citizenship 




Post office address 
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